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0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bUCN b33$3,G 3{3,j CN U3aLIIRw ϊϺ
bUCN b33$3,G 3{3,j CN wjjaCnL CaRN <aN3j χϮ
bUCN b33$3,G 3{3,j CN NC,G3I 83aaCj3 ЋϮ
bnLLaw ϮЋ
#C$ICR<aU@w ϺзϺ
Tn$IC,jCRNc N0 ,RN83a3N,3c ϺϺϺ

BNjaR0n,jCRN
BN8RaLjCRN j3,@NRIR<w Cc RN3 R8 j@3 $C<<3cj N0 LRcj aCcCN<
CN0ncjaC3c CN j@3 sRaI0Y r3 II nc3 CN8RaLjCRN j3,@NRIR<w 3q3aw
0w N0 ILRcj II 0w. 3Y<Y. ,RLUnj3ac j sRaG N0 j @RL3.
cLajU@RN3c N0 j$I3jcY QN II j@3c3 03qC,3cs3 nc3 UUIC,jCRNc
ICG3 cR,CI N3jsRaGc. 0j$c3c ICG3 c3a,@ 3N<CN3c N0 ,IRn0
,RLUnjCN< 8Ra ,,3cc jR II Rna U3acRNI 0j Nws@3a3. NwjCL3Y
i@Cc I30c jR N 3NRaLRnc CN,a3c3 R8 0j s3 @q3 jR cjRa3YϺ
7Ra j@Cc a3cRN s3 N330 @n<3 0j ,3Nj3ac sCj@ IRjc R8 c3aq3ac
sCj@ LRa3 N0 LRa3 0qN,30 0j cjRa<3 j3,@NRIR<wY Qna
a3\nCa3L3Njc 8Ra cRU@CcjC,j30 0j cjRa<3 CN,In03 @C<@ 03NcCjw
R8 CN8RaLjCRN U3a cU,3 nNCj. IRs ,,3cc jCL3c N0 Ua383a$Iw
IRs N330 R8 3N3a<wY
?Rs3q3a. j@3 Ia<3cj URajCRN R8 3N3a<w N33030 CN  0j ,3Nj3a
Cc nc30 8Ra ,RRICN<Y i@3 <C<NjC, UaR0n,jCRN R8 scj30 @3j Cc RN3
R8 j@3 $C<<3cj Cccn3c CN 0j UaR,3ccCN<Y BN8RaLjCRN j3,@NRIR<w.
8Ra CNcjN,3. Cc 0RLCNj30 $w c3LC,RN0n,jRa 3I3,jaRNC,cY i@3
3I3,jaRN Cc j@3 0RLCNNj CN8RaLjCRN ,aaC3a N0sCj@ Cj Cjc ,@a<3Y
2I3,jaRN ,RIICcCRNc UaR0n,3 @3jY i@Cc ,IIc 8Ra  N3s L3j@R0 R8
CN8RaLjCRN jaNcURaj N0 8Ra  L3NCN<8nI nc3 R8 scj30 @3j jR
a30n,3 8naj@3a 3N3a<w ,RNcnLUjCRNY
i@3 ~acj cj<3 8Ra j@j sc c3j $w cUCNjaRNC,cY BN cUCNjaRNC,c
j@3 cUCN. CY3Y. j@3 N<nIaLRL3NjnL R8 j@3 3I3,jaRN.  UaRU3ajw jR
$3 nN03acjRR0 CN j3aLc R8 \nNjnL L3,@NC,c Cc nc30Y i@3 cUCN
Cc ,RNN3,j30 sCj@  L<N3jC, LRL3Nj N0 ,N $3 LNCUnIj30
$w L<N3jC, ~3I0cY `3c3a,@ R8 Lj3aCIc 8Ra UUIC,jCRNc N0
03qC,3cs@C,@ nc3 j@3 cUCN Cc aCcCN< j j@3 cL3 aj3 c CN8RaLjCRN
j3,@NRIR<wY +naa3NjIw. j@3 LRcj ,RLLRN cUCNjaRNC, UUIC,jCRN
,N $3 8RnN0 CN a30CN< @30c 8Ra @a0 0Cc,c s@3a3 j@3 <CNj
L<N3jRa3cCcjN,3 3{3,j V;K`WЙ sc nc30 c  cUCN qIq3Y i@Cc
I30 jR  0acjC, CN,a3c3 R8 0j cjRa<3Y K3Ns@CI3. Cj @c $33N
a3UI,30 $w j@3 LRa3 cRU@CcjC,j30 jnNN3I L<N3jRa3cCcjN,3 3{3,j
ViK`WЕY Bj Cc NRj@3a UnaURc3 R8 8naj@3a cUCNjaRNC, a3c3a,@ jR nc3
j@3 iK` jR 03q3IRU j@3 cRA,II30 L<N3jRa3cCcjCq3 aN0RL ,,3cc
Ϻ KY ;n 3j IY HC<@j- b,C3N,3
 UUIC,jCRNc Е VЙзϺϊW 3ϺЋЋ
Й ;Y #CNc,@ 3j IY T@wcC,I
`3qC3s # ЕϮ VϺϮοϮW ϊοЙοd
KY MY #C$C,@ 3j IY T@wcC,I
`3qC3s H3jj3ac ЎϺ VϺϮοοW
ЙϊЋЙ
Е KY DnIIC3a3Y T@wcC,c H3jj3ac
 χϊ VϺϮЋχW ЙЙχ
ϊ DY KY bIn<@j3aY NNnI
`3qC3s R8 Kj3aCIc `3A
c3a,@ ЕϮ VЙззϮW ЙЋЋd FY
N0R 3j IY DRnaNI R8 UA
UIC30 T@wcC,c ϺϺχ VЙзϺϊW
ϺЋЙЎзЋ
χ bY TaGCN N0 bYA?Y vN<Y
Mjna3 MNRj3,@NRIR<w Ϻз
VЙзϺχW ϺϮχ
Ў KY ;n 3j IY HC<@j- b,C3N,3
 UUIC,jCRNc Е VЙзϺϊW 3ϺЋЋ
L3LRaw VK`KWϊ.  NRNAqRIjCI3L3LRawsCj@ 8cj a30CN< jCL3cY
i@3c3 03qC,3c a3 qCI$I3 $nj NRj w3j UaR~j$I3Y M3s cU3,jc
a3. 3Y<Y. j@3 a,3ja,G L3LRaw CN NNRsCa3cχ. Ra RUjC,I cjRa<3
aawcЎ s@C,@ c@RnI0 a3UI,3 @a0 0aCq3c ,RLUI3j3IwY
BN 8naj@3a $cC, a3c3a,@ Cj Cc NRj j@3 cUCN ,RL$CN30 sCj@
 ,@a<3 ,naa3Nj j@j Cc R8 $aR0 CNj3a3cj $nj j@3 <3N3ajCRN R8
 Una3 cUCN ,naa3Nj ,,RLUNC30 $w  cC<NC~,Nj a30n,jCRN R8
scj30 @3jY Tna3 cUCN ,naa3Njc a3 LRcjIw UaRqRG30 $w cUCN
sq3c N0 j@3Ca \nNj. j@3 L<NRNY i@Cc RU3Nc  N3s $aN,@
CN cUCNjaRNC,c s@C,@ Cc ,II30 L<NRNC,cY
Kj3aCI c,C3N,3 Cc ,an,CI 8Ra UaR<a3cc CN 0qN,30 cUCNjaRNC,
03qC,3cY ?Rs3q3a. $cC, a3c3a,@ Cc CLURajNj jR 3uUIRa3 N3s
swc N0 L3j@R0c R8 j@3 0qNj<3c R8 j@3 cUCNY 7naj@3aLRa3.
@3j Cc j@3 LRcj 8a3\n3Nj 8RaL R8 3N3a<w s@C,@ aCc3c ILRcj
3q3aws@3a3Y  IR<C,I cj3U Cc jR ,RL$CN3 j@3 njCICyjCRN R8 j@3
cUCN CN CN8RaLjCRN j3,@NRIR<w sCj@ LNCUnIjCRN $w @3jY i@Cc
,RL$CNjCRN Cc NRs GNRsN c j@3 $aN,@ R8 cUCN,IRaCjaRNC,c VRa
cUCN ,IRaC,cWY
i@Cc j@3cCc
r@j j@Cc j@3cCc Cc $Rnj 8R,nc3c RN RN3 R8 j@3 G3w 3{3,jc UaRA
LRjCN< j@Cc $aN,@ R8 a3c3a,@. CY3Y. j@3 bUCN b33$3,G 2{3,j Vbb2WY Bj
UaRqC03c  03jCI30 CNq3cjC<jCRN R8 j@3 bb2 N0 II a3Ij30 jaNcA
URaj U@3NRL3N CN  $aR0 aN<3 R8 0C{3a3Nj L<N3jC, Lj3aCIcY
K<N3jC, L3Nc. CN j@3 ,RNj3uj R8 j@Cc j@3cCc. j@j  ,RII3,jCq3
L<N3jCyjCRN Cc Ua3c3Nj s@C,@ Cc GNRsN c 83aaRL<N3jCcLY BN
j@Cc sRaG s3 IcR nc3 83aaCL<N3jC, Lj3aCIc. $nj 8Ra j@3 cG3
R8 cCLUIC,Cjw s3 sCII CN,In03 j@Cc jwU3 s@3N s3 jIG $Rnj 83aaRA
L<N3jC, Lj3aCIcY
BN j@3 N3uj ,@Uj3a s3 sCII <Cq3 N CNjaR0n,jCRN N0 03jCI30
03c,aCUjCRN R8 II a3I3qNj j@3aLR3I3,jaC,. cUCNjaRNC, N0 cUCN
,IRaC, jaNcURaj U@3NRL3N R8 s@C,@ s3 N330 jR 0Cc,ncc II
Ua3c3Nj30 0jY mN03acjN0CN< j@3 cwLL3jaw R8 j@3 03c,aC$30
3{3,jc Cc CLURajNj CN Ra03a jR nN03acjN0 j@3 RaC<CN R8 j@3 a3cnIjcY
Qna CNq3cjC<jCRNc CN,In03  ,RL$CNjCRN R8 0C{3a3Nj ,RNjaC$nA
jCRNc s3 @q3 jR 0Cc3NjN<I3 ,a38nIIwY i@3 ILRcj 3cj$ICc@30
cUCNjaRNC, 3{3,jc s3 sCII Ua3c3Nj @q3 jR $3 3uLCN30 CN Ra03a jR
03j3aLCN3 s@3j@3a j@3Ca RaC<CN. $3@qCRna N0 UU3aN,3 ,N
$3 0Uj30 jR j@3Ca j@3aLI ,RnNj3aUajcY
BN j@3 8RIIRsCN< j@a33 ,@Uj3ac s3 a3 <RCN< jR Ua3c3Nj Rna
0j R$jCN30 CN j@a33 0C{3a3Nj L<N3jC, cwcj3Lc cn,@ c L3jIA
IC,. CNcnIjCN< N0 c3LC,RN0n,jCN< Lj3aCIY QN3 ,@Uj3a sCII
ϺЙ
$3 03qRj30 jR 3,@ R8 j@3c3 Lj3aCIcY r3 cjaj30 sCj@ j@3 CNA
q3cjC<jCRN R8 U3aLIIRw j@CN ~ILc. s@C,@ s3a3 nc30 CN j@3 ~acj
bb2 a3URajc CN j@3 ICj3ajna3Y i@Cc @3IU30 nc jR <3j  ~acj nN03aA
cjN0CN< R8 LRcj R8 j@3 nNCNj3N030 jaNcURaj U@3NRL3N CN bb2
3uU3aCL3NjcY 7naj@3aLRa3. s3 s3a3 $I3 jR CLUaRq3 j@3 L3A
cna3L3Nj j3,@NC\n3c 8Ra Rna 8naj@3a CNq3cjC<jCRNcY 8j3a j@j.
s3 UaR,33030 sCj@ j@3 bb2 CNq3cjC<jCRN RN  Lj3aCI cwcj3L
sCj@ c3LC,RN0n,jCN< UaRU3ajC3c ICG3 MC73ИQω N0 RN N CNcnIA
jRa ICG3 vД73φQϹИ jR <a0nIIw ,N,3I II nNCNj3N030 jaNcURaj
U@3NRL3N s@C,@ R,,naa30 c cC03 3{3,jcY 7CNIIw. s3 8RnN0
j@j 0EncjCN< j@3 L3cna3L3Nj ,RN0CjCRNc Ua3c3Nj30 nc sCj@
8naj@3a RUURajnNCjC3c jR 0Cc3NjN<I3 II cC03 3{3,jc 8aRL j@3 CNA
j3N030 bb2Y r3 sCII <Cq3  03jCI30 3uUINjCRN R8 @Rs j@3c3 cC03
3{3,jc ,N $3 c3Uaj30 N0 s@j jaNcURaj U@3NRL3N a3 j@3
0RLCNNj RN3c CN j@3 <Cq3N Lj3aCI ,Icc3c N0 L3cna3L3Nj
,RN~<najCRNcY
bCN,3 j@3 8R,nc R8 j@Cc j@3cCc Cc RN jaNcURaj L3cna3L3Nj. s3
sCII NRj Ua3c3Nj L3j@R0c Ra 0j 8Ra cLUI3 ,@a,j3aCyjCRNY i@3
cLUI3c nc30 @3a3 s3a3 Ia30w ,@a,j3aCy30 a3<a0CN< j@3Ca
cjan,jnaI UaRU3ajC3c. s@C,@ sc LRcjIw a3URaj30 CN Ua3qCRnc
Un$IC,jCRNc s@C,@ s3 sCII a383a jRY r3 sCII URCNj Rnj j@3 cLA
UI3 UaRU3ajC3c s@3N3q3a j@3w a3 CLURajNj 8Ra j@3 RaC<CN N0
0Cc3NjN<I3L3Nj R8 j@3 R$c3aq30 jaNcURaj U@3NRL3NY
KRcj R8 j@3 a3cnIjc Ua3c3Nj30 CN j@Cc j@3cCc @q3 Ia30w $33N
Un$ICc@30 CN U33aAa3qC3s30 ERnaNIc Ra Ua3c3Nj30 CN RU3N ,,3cc





i@3 CL R8 j@Cc ,@Uj3a Cc jR UaRqC03 j@3 j@3Ra3jC,I $,G<aRnN0 $Rnj
II CLURajNj jaNcURaj U@3NRL3NY KRcj R8 U@3NRL3N s3 a3 03ICN<
sCj@ a3 Ua3c3Nj CN jaNcURaj L3cna3L3Njc s@C,@ s3a3 a3ICy30 CN j@3
,Rnac3 R8 Rna sRaGY i@3 0aCqCN< 8Ra,3c a3 ILRcj URj3NjCI 0C{3a3N,3c
jR <3N3aj3  ,@a<3 ,naa3Nj Ra  j3LU3ajna3 <a0C3NjY paCRnc 3{3,jc
,N $3 R$c3aq30 sCj@ N0 sCj@Rnj 3uj3aNI L<N3jC, ~3I0cY ?3a3. s3 a3
<RCN< jR CNjaR0n,3 II a3I3qNj Vj@3aLRW 3I3,jaC, N0 cUCN V,IRaCWjaRNC,
3{3,jc a3Ij30 CN j@Cc j@3cCcY i@Cc sCII @3IU j@3 a303a jR nN03acjN0 j@3
a3cnIjc Ua3c3Nj30 CN Ij3a ,@Uj3acY
;3N3aI a3IjCRNc R8 jaNcURaj U@3NRL3N
BN j@3 ICN3a a3cURNc3 a3<CL3 II jaNcURaj U@3NRL3N ,N $3
03c,aC$30 $w a3,CUaR,I a3IjCRNc c Ua3c3Nj30 $w Hac QNc<3a CN
ϺϮЕϺ 8Ra Caa3q3acC$I3 UaR,3cc3c ICG3 j@3aLR3I3,jaC, U@3NRL3NYЋ
i@3c3 QNc<3a a3,CUaR,Cjw a3IjCRNc ,N $3 <3N3aIIw 3uUa3cc30 c
,naa3Njc ǖ۽ܕ N0 8Ra,3c ǖ܋ܖ a3Ij30 $w  ICN3a a3cURNc3 LjaCu ۿܕܖ jRǖ۽ܕ  ۿܕܖ ǖ܋ܖ 
ܕ ܖ      ܚ VϺW
7Ra ܕ  ܖ j@3 ,naa3Njc <3N3aj30 a3 ccR,Cj30 sCj@ j@3Ca 0aCqCN<
8Ra,3c. s@3a3c 8Ra ܕ ̳ ܖ j@3 0C{3a3Nj ,naa3Njc N0 8Ra,3c a3 ,RNA
N3,j30 jR 3,@ Rj@3aY i@3 LCN j@3Ra3L R8 QNc<3aȕc a3,CUaR,Cjw
a3IjCRNc Cc j@3 cwLL3jaw a3IjCRNۿܕܖ  ۿܖܕ VЙW
BN j@Cc j@3cCc. j@3 LCN CNj3a3cj IC3c CN j@3 ,RN0n,jCRN R8 @3j.
,@a<3 N0 cUCN ,,RLUNC30 sCj@ j@3 a3IjCRN $3js33N j@3LY
i@3a38Ra3. s3 ,N a3saCj3 2\Y Ϻ CNjRοϨϩϩϩϩϩϩϩϪ ǖ۽
ܐǖ۽ܟǖ۽ܝ
ϫϬϬϬϬϬϬϬϭ 




Ћ HY QNc<3aY T@wcC,I `3A
qC3s ЕЋ VϺϮЕϺW ϊзχ
ο ;Y 2Y rY #n3a 3j IY MA
jna3 Kj3aCIc ϺϺ VЙзϺЙW
ЕϮϺ
Ϯ 2Y ?Y ?IIY L3aC,N
DRnaNI R8 Kj@3LjC,c Й
VϺοЋϮW ЙοЋ
Ϻз 2Y ?Y ?IIY i@3 HRN0RN.
20CN$na<@. N0 /n$ICN
T@CIRcRU@C,I K<yCN3 N0
DRnaNI R8 b,C3N,3 Ϻз VϺοοзW
ЕзϺ
ϺϺ DY 2Y r3<aRs3 3j IY T@wcA







7C<na3 Ϻ- K3cna3L3Nj ,RNA
~<najCRN R8 j@3 ?II 3{3,jY
 ,@a<3 ,naa3Nj 03NcCjw ǖ۽
Cc UUIC30 IRN<  cLUI3
sCj@ N RnjAR8AUIN3 L<A
N3jC, ~3I0 ǖۻ Y i@3 qRIj<3 ܉
Cc L3cna30 CN j@3 jaNcq3ac3
0Ca3,jCRNY
sCj@ j@3 ,@a<3 ,naa3Nj 03NcCjw ǖ۽ܐ. j@3 cUCN ,naa3Nj 03NcCjw ǖ۽ܟ.
j@3 @3j Rs ǖ۽ܝ. j@3 3I3,jaC, ~3I0 ǖ۸.  ~,jCjCRnc ~3I0 ˚ভܟ. s@C,@ Cc
,RNN3,j30 jR j@3 cUCN 03NcCjw. N0 j@3 j3LU3ajna3 <a0C3Nj ˚܇ Y
i@3LjaCu 3I3L3Njc a3 j@3 ICN3a a3cURNc3c $3js33N j@3 ,naa3Njc
N0 j@3 8Ra,3c N0. 8naj@3aLRa3. j@3w a3 j3NcRac jR cjCc8w j@3
,RN0CjCRN j@j II jaNcURaj U@3NRL3N ,N $3 NCcRjaRUC,Y 2\Y Е
Cc II s3 N330 jR 3uUa3cc j@3 LRcj a3I3qNj jaNcURaj 3\njCRNc
8Ra j@Cc j@3cCcY
?II 3{3,jc
i@3 ~acj j3aL R8 2\Y Е s@3a3 j@3 ,@a<3 ,naa3Nj 03NcCjw ǖ۽ܐ Cc
,RNN3,j30 jR j@3 3I3,jaC, ~3I0 ǖ۸ Cc GNRsN cQ@Lȕc Is CN j@3 8RaLǖ۽ܐ  É঴ܐܐǖ۸Y i@3 LjaCu É঴ܐܐ Cc j@3 ,RN0n,jCqCjw j3NcRaY r3 ,N saCj3
Q@Lȕc Is CN j@3 8RIIRsCN< ,RLURN3Nj NRjjCRN-ϨϩϩϩϩϩϩϪ ۽ܐܤ۽ܐܥ۽ܐܦ
ϫϬϬϬϬϬϬϭ 




r@3N N 3uj3aNI L<N3jC, ~3I0 Cc UUIC30 U3aU3N0C,nIa jR
 ,@a<3 ,naa3Nj.  jaNcq3ac3 LRjCRN R8 j@3 ,@a<3 ,aaC3ac Cc
R$c3aq30 0n3 jR j@3 HRa3Njy 8Ra,3YϮ.Ϻз i@Cc Cc s3II GNRsN c
j@3 ?II 3{3,j V7C<Y ϺWY BN ?II 3{3,j CNq3cjC<jCRNc j@3 ,@a<3
,naa3Nj ǖ۽ Cc j@3 UUIC30 UaL3j3a N0 j@3 3I3,jaC, ~3I0 ǖ۸ Cc j@3
L3cna30 \nNjCjw CN 8RaL R8  qRIj<3 ܉ 8Ra N RU3N ,Ca,nCj
,RN0CjCRNY i@3a38Ra3. Q@Lȕc Is ,N $3 ,RNq3aj30 CN j@3 8RaL ǖ۸ Éলܐܐǖ۽ sCj@ j@3 a3cCcjCqCjw j3NcRa ÉলܐܐY r3 ,RNcC03a  83aaRL<N3jC,
,RN0n,jRa sCj@ L<N3jCyjCRN CN yA0Ca3,jCRNY i@3Ns3 ,NsaCj3
j@3 a3cCcjCqCjw j3NcRa CN j@3 8RaLϺϺ
Éলܐܐ  ϨϩϩϩϩϩϩϪ লп লۻ ˥লۻ লп   ল˸
ϫϬϬϬϬϬϬϭ VχW
sCj@ j@3 ?II a3cCcjCqCjw লۻ N0 j@3 a3cCcjCqCjC3c লп N0 ল˸ U3aA
U3N0C,nIa N0 UaII3I jR j@3 L<N3jCyjCRN ǖ܀. a3cU3,jCq3IwY 7Ra
j@3 ?II 3{3,j s3 R$jCN ۸ܥ  ˥লۻ۽ܤ sCj@ j@3 L<N3jCyjCRN CN
yA0Ca3,jCRNY BN <3N3aI. j@3 ?II 3{3,j ,N IcR $3 R$c3aq30 CN NRNA
L<N3jC, ,RN0n,jRac N0 j@3 3I3,jaC, ~3I0 ǖ۸ Cc  ,aRcc UaR0n,j
<Cq3N $w ǖ۸  ˥ভ଑ ܅ۻ ǖ۽  ǖۻ VЎW
sCj@ j@3 L<N3jC, ~3I0 ǖۻ . j@3 L<N3jC, U3aL3$CICjw ভ଑ N0 j@3
?II ,R3|,C3Nj ܅ۻ Y i@3 8a33 ,@a<3 ,aaC3ac a3 033,j30 0n3 jR
ϺЎ
j@3 HRa3Njy 8Ra,3Y i@3 qRIj<3 ܉ Cc UaRURajCRNI N0. j@3a38Ra3.
NjCcwLL3jaC, sCj@ a3cU3,j jR j@3 L<N3jC, ~3I0 ۻ V7C<Y ЙWY BN
s@j 8RIIRsc. s3sCII ,II j@Cc 3{3,j j@3 Ra0CNaw?II 3{3,j VQ?2WY
BN 83aaRL<N3jC, ,RN0n,jRac  c3,RN0 j3aL R8 j@3 ?II 3{3,j ,N
$3 03~N30 s@C,@ Cc UaRURajCRNI jR j@3 L<N3jCyjCRN q3,jRa ǖ܀
R8 j@3 Lj3aCIY i@Cc 3{3,j Cc ,II30 j@3 NRLIRnc ?II 3{3,j V?2W
N0 Cc Ln,@ Ia<3a j@N j@3 Q?2Y i@3 ?2 Cc <Cq3N $wǖ۸  ܅܆ ǖ۽  ǖ܀ VЋW
sCj@ Lj3aCI 03U3N03Nj NRLIRnc?II ,R3|,C3Nj܅܆Y BN 83aaRA
L<N3jC, Lj3aCIc j@3 R$c3aq30 qRIj<3 ܉ 03c,aC$3c  @wcj3a3jC,
,naq3 s@C,@ Cc NjCcwLL3jaC, sCj@ a3cU3,j jR ۻ Y 7naj@3aLRa3. ܉
a3,@3c cjnajCRN 8Ra Ia<3 3NRn<@ L<N3jC, ~3I0c V7C<Y ЕWY BN
<3N3aI. j@3 Q?2 N0 ?2 a3 3NjN<I30 s@3N j@3 qRIj<3 Cc
L3cna30 CN j@3 ,RN~<najCRN R8 7C<Y ϺY i@3 a3cnIj Cc  cnU3aURcCA
jCRN R8 jsR ,RNjaC$njCRNc sCj@ N CN,a3cCN< qRIj<3 ܉ 0n3 jR j@3
Q?2 V7C<Y ϊWY i@3 RaC<CN R8 j@3 ?2 Cc 0CqC030 CNjR 3ujaCNcC, N0
CNjaCNcC, 3{3,jcY i@3 3ujaCNcC, L3,@NCcLc a3 j@3 cC03 EnLUϺЙ
N0 c,a3s c,jj3aCN<ϺЕ N0 ,nc30 $w c,jj3aCN< RN CLUnaCjC3c
Ra 0CcRa03a R8 j@3 Lj3aCI ,,RLUNC30 $w cUCNARa$Cj ,RnUICN<
s@C,@ UaRLRj3c j@3c3 c,jj3aCN< 3{3,jcYϺϊ i@3 CNjaCNcC, 3{3,j Cc
03c,aC$30 $w  #3aaw U@c3 R8 j@3 #3aaw ,naqjna3 s@C,@ ,N
$3 03c,aC$30 c  L<N3jC, ~3I0 CN GAcU,3YϺχ i@Cc R,,nac 3q3N CN
U3a83,j ,awcjIc sCj@Rnj 0CcRa03a Ra CLUnaCjC3c N0 Cc UaR0n,30
$w j@3 3I3,jaRNC, $N0 cjan,jna3YϺЎ
NCcRjaRUC, L<N3jRa3cCcjN,3
i@3 N3uj 3{3,j CNjaR0n,30 Cc UaR0n,30 $w j@3 0C{3a3N,3 R8 j@3
a3cCcjCqCjw UaII3I N0 U3aU3N0C,nIa jR j@3 L<N3jCyjCRN 0Ca3,A
jCRN CN  83aaRL<N3jC, ,RN0n,jRaY i@Cc 3{3,j Cc ,II30 NCcRjaRUC,
L<N3jRa3cCcjN,3 VK`WY i@3 RaC<CN R8 j@3 0C{3a3N,3 CN a3cCcjCqCA
jC3c ,N $3 3uUICN30 CN 0C{3a3Nj c,jj3aCN< ,aRccAc3,jCRNc R8 j@3
,RN0n,jCRN 3I3,jaRNcY i@3 jRL Ra$CjIc CN 83aaRL<N3jC, Lj3A
aCIc a3 NRj cU@3aC,IIw cwLL3jaC, 0n3 jR cUCNARa$Cj CNj3a,jCRNY
?3N,3. j@3 jRL Ra$CjIc Rq3aIU CN j@3 0Ca3,jCRN U3aU3N0C,nIa
jR j@3 L<N3jCyjCRNY i@Cc I30c jR  cLII3a a3cCcjCqCjw U3aU3NA
0C,nIa jR j@3 L<N3jCyjCRNY
MRs. s3 ,RNcC03a  cLUI3 sCj@  L<N3jCyjCRN ǖ܀ CN j@3 uAwA
UIN3 sCj@ N 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IcR CN j@3 cL3 UI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<3 ܉ 03A
c,aC$3c  @wcj3a3jC, ,naq3
s@C,@ Cc NjCcwLL3jaC, sCj@
a3cU3,j jR ۻ . $nj sCj@ NR
cjnaj30 qIn3Y i@3 qRIjA
<3 ܉ CN,a3c3c UaRURajCRNA
IIw sCj@ ۻ Y
7Ra j@3 IRN<Cjn0CNI 3I3,jaC, ~3I0 ۸ܤ s3 ,N nc3 j@3 3\njCRN
cCNଓ
঩  ,Rcଓ
঩   s@C,@ <Cq3c nc۸ܤ  ۽ܤ=লп  
ল˸ ˥ লп ,Rcଓ
঩? VϺзW
i@3 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 IRN<Cjn0CN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cna3L3Nj IRN<
j@3 ,@a<3 ,naa3Nj 03NcCjw s@3N j@3 N<I3 ঩ ,@N<3c 0naCN< 
L<N3jC, ~3I0 IRRUY i@Cc Cc j@3 ,c3 s@3N L<N3jC, NCcRjaRUC3c
a3 Ua3c3NjY 7naj@3aLRa3. j@3 K` qaC3c CN 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s@3N 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7C<na3 χ- i@3 L<N3jCyjCRN܀. j@3 ,naa3Nj 03NcCjw ۽ N0
j@3 3I3,jaC, ~3I0 ۸ IC3 CN j@3
cL3 UIN3Y ۽ N0 ۸ ,N $3
0CqC030 CNjR  UaII3I N0 
U3aU3N0C,nIa Uaj sCj@ a3A
cU3,j jR܀Y
i@3 jaNcq3ac3 ,RLURN3Nj ۸ܥ V2\Y ϮW Cc ,II30 UINa ?II 3{3,j
VT?2WY TINaL3Nc j@j II q3,jRac IC3 CN j@3 cL3 UIN3Y i@3 a3A
LaG$I3 $3@qCRna R8 j@3 T?2 Cc j@j j@3 3{3,j 0CcUU3ac s@3Nǖ܀ Cc UaII3I Ra U3aU3N0C,nIa jR ǖ۽ N0 Cj c@Rsc Cjc LuCLnL j
N N<I3 ঩  ϊχnY
i@3 K` N0 j@3 T?2 c@Rs NR ,@N<3 R8 cC<N CN j@3 qRIj<3
s@3N j@3 URIaCjw R8 j@3 L<N3jCyjCRN Cc ,@N<30Y i@3a38Ra3.
j@3 URIaCjw R8 j@3 3I3,jaC, ~3I0 ǖ۸. Ra j@3 3uU3aCL3NjIIw LRa3
,RNq3NC3Nj nNCj R8 qRIj<3 ܉ . Cc cwLL3jaC, sCj@ a3cU3,j jR j@3 3uA
j3aNIL<N3jC, ~3I0 ǖۻ c@RsN CN 7C<Y ЎY i@3 UaR0n,j cCN
঩Θ,Rc
঩
,N $3 3uUa3cc30 c ଒ଓ cCN
঩ s@C,@ IcR c@Rsc j@3 cwLL3jaw R8j@Cc 3{3,jY i@3 ,naq3 c@U3 R8 7C<Y Ў Cc  jwUC,I $3@qCRna 8Ra
 cLUI3 sCj@ N CNAUIN3 L<N3jC, NCcRjaRUwY i@3 qRIj<3 ܉
,@N<3c s@3N j@3 N<I3 ঩ $3js33N j@3 ,naa3Nj 03NcCjw ۽ܤ N0 j@3
0Ca3,jCRN R8 j@3 L<N3jCyjCRN ǖ܀ ,@N<3cY r@3N j@3 3uj3aNI
L<N3jC, ~3I0 ۻ Cc UUIC30 CN  0Ca3,jCRN 0C{3a3Nj 8aRL j@3 3cw
uCc  qaCjCRN CN ܉ ,N $3 R$c3aq30 s@3N ۻ 03,a3c3cY i@3
L<N3jCyjCRN q3,jRa ǖ܀ ,@N<3c Cjc 0Ca3,jCRN 8aRL UaII3I jR
Ϻο
ۻ CNjR j@3 3cw uCcY  cU3,CI ,c3 R,,nac s@3N ۻ Cc UUIC30
CN j@3 0Ca3,jCRN R8 j@Cc 3cw uCcY i@3 L<N3jCyjCRN ǖ܀ sCII $3
RaC3Nj30 UaII3I Ra NjCUaII3I CN03U3N03NjIw R8 j@3 L<NCjn03
R8 ۻ Y ?3N,3. ঩ 0R3c NRj ,@N<3 N0 j@3a38Ra3 ܉ 0R3c NRj ,@N<3Y
i@Cc a3cnIjc CN  cjaC<@j ICN3 R8 ܉ c  8nN,jCRN R8 ۻ Y r3 sRnI0
ICG3 jR 3LU@cCy3 j@j j@3 UU3aN,3 R8 cwLL3jaC, 0CUc Ra U3Gc
03U3N0c RN j@3 LRq3L3Nj R8 j@3 L<N3jCyjCRN q3,jRa ǖ܀Y
M3aNcj 3{3,jc
BN j@Cc c3,jCRN s3 cjaj jR CNjaR0n,3 j@3 j@3aLI jaNcURaj 3\nA
jCRNc <Cq3N $w 2\Y ЕY  ,@a<3 ,naa3Nj ǖ۽ܐ ,N $3 0aCq3N $w 
j3LU3ajna3 <a0C3Nj ˚܇ s@C,@ Cc ,RNN3,j30 $w j@3 j3NcRa É঴ܐܝ jRǖ۽ܐ  ˥ É঴ܐܝ˚܇ VϺϺW
BN N RU3N ,Ca,nCj  j@3aLRURs3a ǖ۸ Cc <3N3aj30 $w j@3 j3LU3aA
jna3 <a0C3Nj ˚܇ N0 s3 R$jCN j@3 3\njCRN ǖ۸  ˥ É܆˚܇ sCj@ j@3
b33$3,G j3NcRaϺο
É܆  ϨϩϩϩϩϩϩϪ ܆ ܆܁ ˥܆܁ ܆   ܆ܦ
ϫϬϬϬϬϬϬϭ  VϺЙW
i@Cc j3NcRa IRRGc q3aw cCLCIa jR j@3 a3cCcjCqCjw j3NcRa V2\Y χWY
r@3N  j3LU3ajna3 <a0C3Nj Cc UUIC30 IRN<  ,RN0n,jRa. ,@a<3
,aaC3ac sCj@  @C<@3a j@3aLI 3N3a<w 0C{nc3 CNjR j@3 0Ca3,jCRN
sCj@ IRs3a j@3aLI 3N3a<wY BN N RU3N 3I3,jaC,I ,Ca,nCj j@Cc ,@a<3
,naa3Nj Cc ,RLU3Ncj30 $w j@3 <3N3aj30 3I3,jaC, ~3I0Y i@Cc Cc
GNRsN c j@3 b33$3,G 3{3,jϺϮ. s@C,@ Cc  j@3aLR3I3,jaC, 3{3,j N0
<Cq3N $w ۸ܤ  ˥܆˚܇ܤ VϺЕW
sCj@ j@3 Lj3aCI 03U3N03Nj b33$3,G ,R3|,C3Nj ܆YЙз r@3N jsR
Lj3aCIc sCj@ 0C{3a3Nj b33$3,G ,R3|,C3Njc a3 ,RNN3,j30. Cj ,N
$3 nc30 c  j3LU3ajna3 c3NcRaY i@Cc Cc GNRsN c  j@3aLR,RnA
UI3Y i@3 RU3N 3N0c R8 j@3 j@3aLR,RnUI3 @q3 jR $3 j  GNRsN
a383a3N,3 j3LU3ajna3Y i@3N j@3 L3cna30 qRIj<3 j j@3 RU3N
3N0c <Cq3 CN8RaLjCRN $Rnj j@3 j3LU3ajna3 j j@3 ,RNN3,j30
3N0cY i@3aLR,RnUI3c a3 nc30 CN LRcj 3uU3aCL3Njc CN j@Cc j@3cCc
jR 03j3aLCN3 j@3 j3LU3ajna3 0C{3a3N,3cY
MRs. I3j nc ,RNcC03a j@3 ?II 3{3,j ,RN~<najCRN Ua3c3Nj30
CN 7C<Y ϺY r@3N j@3 UUIC30 ,@a<3 ,naa3Nj ǖ۽ Cc 3u,@N<30 $w 
j3LU3ajna3 <a0C3Nj ˚܇ .  jaNcq3ac3 LRjCRN cjCII 3uCcjc s@3N
N 3uj3aNI L<N3jC, ~3I0 Cc Ua3c3NjY i@Cc Cc ,II30 j@3 ~acj
Ϻο DY 2Y r3<aRs3 3j IY T@wcA
C,I `3qC3s # οϮ VЙзϺϊW
зϮϊϊзϮ
ϺϮ iY DY b33$3,GY 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G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ϺοϮ
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$3 CN0C,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II3I
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nc3NAM3aNcj 3{3,j N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8j3a I$3aj qRN 2jjCN<c@nc3N
N0 rIj@3a M3aNcj VcCLUIw a383aa30 jR c M3aNcj 3{3,jc CN s@j
8RIIRscWYЙϺ bCLCIaIw jR j@3 ?II 3{3,jc j@3a3 a3 0C{3a3Nj jwU3c
R8 M3aNcj 3{3,jcY BN  q3aw cCLUI3 UC,jna3. j@3 NIR<w $3js33N
j@3 M3aNcj N0 ?II 3{3,jc IC3c CN j@3 j@3aLIIw 0aCq3N ,@a<3
,naa3Njc 0n3 jR j@3 b33$3,G 3{3,j ,RLUa30 jR j@3 UUIC30 ,@a<3
,naa3NjcY BN N RU3N ,Ca,nCj ,RN0CjCRN j@3 jaNcq3ac3 LRjCRN R8
j@3 j@3aLIIw 0aCq3N ,@a<3 ,aaC3ac <3N3aj3c N 3I3,jaC, ~3I0Y
i@3 R$c3aq30 3I3,jaC, ~3I0 ǖ۸ Cc  ,aRcc UaR0n,j R8 j@3 j3LU3a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sCj@ j@3 M3aNcj ,R3|,C3Nj ܁܁۸Y i@Cc Cc GNRsN c j@3 ,RNq3NA
jCRNI Ra Ra0CNaw M3aNcj 3{3,j VQM2WY i@3 L3cna30 qRIj<3 Cc
UaRURajCRNI jR j@3 3uj3aNI L<N3jC, ~3I0 ۻ V,8Y 7C<Y ЙWY BN 
83aaRL<N3jC, ,RN0n,jRa s3 ,N ~N0  cCLCIa 3{3,j jR j@3 ?2
s@C,@ Cc ,II30 j@3 NRLIRnc M3aNcj 3{3,j VM2W N0 <Cq3N $w
j@3 3\njCRN ǖ۸  ܁۴܁۸˚܇  ǖ܀ VϺχW
i@3 ,aRcc UaR0n,j $3js33N j@3 j3LU3ajna3 <a0C3Nj ˚܇ N0 j@3
L<N3jCyjCRN ǖ܀ a3cnIjc CN  @wcj3a3jC,I ,naq3 R8 ܉ s@C,@ Cc
NjCcwLL3jaC, sCj@ a3cU3,j jR j@3 3uj3aNI L<N3jC, ~3I0 ۻ V,8Y
7C<Y ЕWY
7Ra j@3 j@3aLIIw 0aCq3N ,RnNj3aUajc R8 j@3 K` N0 T?2
s3 RNIw @q3 jR LR0C8w 2\Y ο N0 2\Y Ϯ $w ,@N<CN< ۽ܤ jR ˚܇ܤYЙЙ
r3 3N0 nU sCj@ cCLCIa 3\njCRNc CN j@3 8RaL۸ܤ  ˚܇ܤ 
ল˸ ,Rcଓ
঩  লп cCNଓ
঩ VϺЎW۸ܥ  ˚܇ܤ 
ল˸ ˥ লп cCN
঩ ,Rc
঩ VϺЋW
i@3 ,RnNj3aUaj R8 j@3 K` V2\Y ϺЎW Cc GNRsN c NCcRjaRUC, L<A
N3jRj@3aLRURs3a VKiTW. N0 j@3 ,RnNj3aUaj R8 j@3 T?2 V2\Y ϺЋW





BN  ,RN0n,jCN< Lj3aCI  ,@a<3 ,naa3Nj ǖ۽ܐ V7C<Y Ћ VWW Cc cUCN
URIaCy30 s@3N j@3a3 Cc  LERaCjw R8 3I3,jaRNc sCj@  UaII3I
cUCN ǖ۽ܐɤ RsCN< CN RN3 0Ca3,jCRN V7C<Y Ћ V$WWY 2q3N s@3N j@3a3
Cc  LCNRaCjw R8 3I3,jaRNc sCj@  cUCN CN j@3 RUURcCj3 0Ca3,jCRNǖ۽ܐɦ s3 sCII @q3 ,@a<3 jaNcURaj c s3II c cUCN jaNcURajY BN
j3aLc R8 j@3 8RaLICcL R8 2\Y Е s3 <3j  cUCN ,naa3Nj ǖ۽ܟ  ǖ۽ܐɤ ˥ ǖ۽ܐɦ
,,RLUNC30 jR j@3 ,@a<3 ,naa3Nj ǖ۽ܐ  ǖ۽ܐɤ  ǖ۽ܐɦY i@3c3 ,naa3Njc
,N $3 nc30 CN  $aR0 aN<3 R8 cUCNjaRNC, UUIC,jCRNcYЙЕ i@3
LRcj 8LRnc 3uLUI3 Cc j@3 <CNj L<N3jRa3cCcjN,3 3{3,j V;K`W
0Cc,Rq3a30 CN03U3N03NjIw $w I$3aj 73aj N0 T3j3a ;aɫN$3a< CN
ϺϮοοYЙϊ  Iw3a cj,G R8 jsR 83aaRL<N3jC, 3I3,jaR03c V7K Iw3acW
c3Uaj30 $w  NRNAL<N3jC, L3jI VMK Iw3aW R8 NNRL3j3a
j@C,GN3cc ,jc c  cUCN qIq3Y r@3N j@3 L<N3jCyjCRN R8 j@3
7K Iw3ac Cc IC<N30 UaII3I j@3 a3cCcjN,3 8Ra  ,@a<3 ,naa3Nj
j@aRn<@ j@3 Iw3a cj,G Cc cLII3a ,RLUa30 jR N NjCUaII3I
IC<NL3Nj R8 j@3 7K Iw3acY i@3 K` ajCRcЙχ a3 CN  aN<3 R8
$Rnj Ϻз j aRRL j3LU3ajna3Y i@3 0C{3a3Nj a3cCcjN,3c a3
,nc30 $w  c,jj3aCN< R8 j@3 ,@a<3 ,aaC3ac 03U3N0CN< RN j@3Ca
cUCN RaC3NjjCRN a3IjCq3 jR j@3 L<N3jCyjCRN 0Ca3,jCRN R8 j@3
7K Iw3acY i@Cc 3{3,j Cc nc30 CN a30CN< @30c CN @a0 0aCq3c 8Ra
LRa3 3|,C3Nj 0j cjRa<3Y
8j3a Cjc 0Cc,Rq3aw. j@3 ;K` 3{3,j RU3N30 j@3 jaCnLU@I
UaR,3ccCRN R8 8naj@3a cUCNjaRNC, CNq3cjC<jCRNcY r@3N j@3 NRNA
L<N3jC, L3jI Cc a3UI,30 $w  NNRL3j3a j@CN CNcnIjRa VBMW ICG3
IИQД Ra K<Q j@3 K` 3{3,j Cc ,II30 jnNN3IICN< L<N3jRa3cCcjN,3
ViK`WY ?3a3. j@3 cUCNA03U3N03Nj ,@a<3 ,naa3Nj Cc jnNN3II30
j@aRn<@ j@3 CNcnIjCN< $aaC3a sCj@  cUCNA03U3N03Nj jnNN3IICN<
UaR$$CICjwY i@Cc ,N $3 3uUICN30 $w  0C{3a3Nj LRnNj R8 8a33
cjj3c j j@3 73aLC 3N3a<w 8Ra j@3 jaNcLCjj30 3I3,jaRNc sCj@ cUCN
0Ca3,jCRNc UaII3I N0 NjCUaII3I jR j@3 L<N3jCyjCRN R8 j@3
3Nj3a30 7K Iw3aY i@Cc sc 0Cc,Rq3a30 $w KC,@3I DnIIC3a3ЙЎ c
3aIw c CN ϺϮЋχ $nj sc NRj NRj30 c Ln,@ c j@3 0Cc,Rq3aw R8 j@3
;K` $3,nc3 R8 j@3 a3IjCq3Iw cLII K` ajCRc $3IRs ϺY iR0w.
j@3 iK` Cc CN j@3 8R,nc R8 a3,3Nj a3c3a,@ 8Ra j@3 N3uj j3,@NC\n3
R8 0qN,30 0j cjRa<3 0n3 jR K` ajCRc R8 Rq3a Ўзз j aRRL
j3LU3ajna3ЙЋ N0 N3aIw Йззз j ϊЙFYЙο i@3c3 7KgBMg7K
Iw3a cj,Gc ,N $3 cjan,jna30 CN cR ,II30L<N3jC, jnNN3I EnN,jCRNc
VKiDW sCj@ 0CL3NcCRNc 0RsN jR Йз NL  ЙзNLY i@3c3 KiDc a3
csCj,@30 8aRL  UaII3I jR N NjCUaII3I cjj3 N0 a3q3ac30sCj@
VW
V$W
7C<na3 Ћ- VW  ,@a<3 ,naA
a3Njǖ۽ܐsCj@ j@3 cL3 LRnNj
R8 cUCN nU N0 cUCN 0RsN
3I3,jaRNcY V$W  cUCN URIaA
Cy30 ,naa3Nj sCj@  LERaCjw
R8 ,@a<3 ,aaC3ac sCj@ cUCN
CN RN3 0Ca3,jCRNY
ЙЕ bY /Y #03a N0 bY bY TY
TaGCNY NNnI `3qC3s R8
+RN03Nc30 Kjj3a T@wcC,c Ϻ
VЙзϺзW ЋϺ
Йϊ KY MY #C$C,@ 3j IY T@wcCA
,I `3qC3s H3jj3ac ЎϺ VϺϮοοW
ЙϊЋЙd ;Y #CNc,@ 3j IY T@wcCA
,I `3qC3s # ЕϮ VϺϮοϮW ϊοЙο
Йχ ܀܅  ܅U˥܅U܅U
ЙЎ KY DnIIC3a3Y T@wcC,c H3jA
j3ac  χϊ VϺϮЋχW ЙЙχ
ЙЋ bY BG30 3j IY UUIC30
T@wcC,c H3jj3ac ϮЕ VЙззοW
зοЙχзο
Йο ?Y HCn 3j IY UUIC30
T@wcC,c H3jj3ac ϺзϺ VЙзϺЙW
ϺЕЙϊϺο
ЙϺ
ЙϮ DY +Y bIRN,y3scGCY DRnaNI
R8 L<N3jCcL N0 L<N3jC,
Lj3aCIc ϺχϮ VϺϮϮχW HϺ
Ез HY /Y HN0n N0 2Y HC8A
c@CjyY T@wcY xY bRsE3jY ο
VϺϮЕχW ϺχЕd iY HY ;CI$3ajY
K<N3jC,c. B222 iaNc,A
jCRNc RN ϊз VЙззϊW ЕϊϊЕ
ЕϺ /Y +Y `IU@ N0 KY /Y
bjCI3cY DRnaNI R8 L<N3jCcL






7C<na3 ο- i@3 L<N3jCyA
jCRN ǖ܀ 03c,aC$3c  Ua3,3ccCRN
aRnN0 ǖۻ N0 ǖ܀~u30Y i@3
a3IujCRN Cc a3Ua3c3Nj30 $w
j@3 0LUCN<Y i@3 cUCN jaNcA




N 3uj3aNI L<N3jC, ~3I0Y i@Cc L<N3jC, ~3I0 csCj,@3c RN3 R8
j@3 7K Iw3acY i@3 c3,RN0 7K Iw3a @c jR <3j  Ia<3a ,R3a,Cq3
~3I0 Ra @c jR $3 UCNN30 $w N 0E,3Nj NjC83aaRL<N3jC, Iw3aY
i@3N Cj ,N $3 csCj,@30 CNjR N NjCUaII3I cjj3Y
Bj $3,RL3c R$qCRnc j@j j@3c3 KiDc a3 8qRna30 8Ra 8njna3
0j cjRa<3 R8 RN3 $Cj 03U3N0CN< RN j@3 jsR cjj3c R8 a3cCcjN,3
VIRs N0 @C<@ a3cCcjN,3 3\nCqI3Nj jR з N0 ϺWY 7njna3 UaR<a3cc
CN j@3 a3c3a,@ R8 KiDc sCII $3 j@3 3qRInjCRN R8 LCNCjnaCy30 03A
qC,3c N0 j@3 0CcUU3aN,3 R8 L3,@NC,I Uajc ICG3. 3Y<Y. a30A
CN< @30c s@C,@ LRq3 Rq3a j@3 cna8,3 CN @a0 0aCq3cY i@3c3
L3,@NC,I Uajc ICLCj a30CN< jCL3cY QN3 UaRLCcCN< URccC$CIA
Cjw R8 @N0ICN< j@3 Ijj3a Cccn3 Cc j@3 cR ,II30 cUCN jaNc83a jRa\n3
VbiiW csCj,@CN< CNjaR0n,30 $w bIRN,y3scGCYЙϮ  cn|,C3NjIw Ia<3
,@a<3 ,naa3Nj s@C,@ sCII $3 cUCN URIaCy30 CN j@3 ~acj 7K Iw3a
N0 jaNcLCjj30 j@aRn<@ j@3 BM $aaC3a c@RnI0 ,@N<3 j@3 L<A
N3jCyjCRN 0Ca3,jCRN R8 j@3 c3,RN0 7K Iw3a CNjR j@3 RUURcCj3 cjj3Y
i@3 L<N3jCyjCRN 0wNLC, CN j@3c3 UaR,3cc3c ,N $3 03c,aC$30
$w j@3 HN0nAHC8c@CjyA;CI$3aj VHH;WЕз.ЕϺ 3\njCRN
঻ ǖ܀঻ܠ  ˥ত ǖ܀  
ভ଑ ǖۻ3{  ঢ଑܀܆
Ϯϯϯϯϰ ǖ܀  ঻ ǖ܀঻ܠ ϱϲϲϲϳ VϺοW
sCj@ j@3 <waRL<N3jC, ajCR ত. j@3 L<N3jCyjCRN CN cjnajCRN܀܆. N0 j@3 0LUCN< UaL3j3a ঢ଑Y i@3 ~acj j3aL RN j@3 aC<@j
@N0 cC03 03c,aC$3c j@3 Ua3,3ccCRN R8 ǖ܀ aRnN0 N 3{3,jCq3 L<A
N3jC, ~3I0 ǖۻ3{ V7C<Y οW N0 j@3 c3,RN0 j3aL cjN0c 8Ra j@3 a3A
IujCRN R8 j@3 Ua3,3ccCRN s@C,@ Cc ,II30 0LUCN<Y 7Ra j@3 bii.
bIRN,y3scGCЙϮ 3uj3N030 j@3 aC<@j @N0 cC03 $w N 00CjCRNI j3aL
jR 03c,aC$3 j@3 3{3,j R8 j@3 cUCN URIaCy30 ,@a<3 ,naa3Nj ۼ 8aRL
 ~u30 Iw3a sCj@ ~u30 L<N3jCyjCRN ǖ܀~u30 CNjR  8a33 Iw3a sCj@
L<N3jCyjCRN ǖ܀Y i@3 00CjCRNI j3aL Cc <Cq3N $w. 3Y<Y. `IU@
N0 bjCI3cЕϺ CN j@3 8RaL঻ ǖ܀cjj঻ܠ  নভ۵ۼܒ܉ ǖ܀  
 ǖ܀  ǖ܀~u30 VϺϮW
sCj@ j@3 ,@a<3 ۼ . j@3 #R@a L<N3jRN ভ۵. j@3 3I3L3Njaw ,@a<3
,RNcjNj ܒ. j@3 qRInL3 ܉ R8 j@3 8a33 Iw3a N0  Iw3a cjan,jna3
UaL3j3a নY  @C<@ cUCN URIaCyjCRN ܃ j j@3 CNj3a8,3 $3js33N
j@3 7K N0 BM Iw3a Cc CLURajNj 8Ra  Ia<3 iK` 3{3,j c s3II c
8Ra cLII ,@a<3 ,naa3Nj 03NcCjC3c 0naCN< bii csCj,@CN<Y i@3 cUCN
URIaCyjCRN܃ Cc 03~N30 c j@3 ajCR $3js33N j@3 0C{3a3N,3 R8 cUCN
nU N0 cUCN 0RsN 3I3,jaRNc 0CqC030 $w j@3 cnL R8 II 3I3,jaRNc
j j@3 73aLC 3N3a<wYЕЙ i@3 $3cj bii IcR R,,nac s@3N j@3 cUCN
ЙЙ
RaC3NjjCRN R8 j@3 cUCN URIaCy30 ,@a<3 ,naa3Nj Cc U3aU3N0C,nIa
jR j@3 L<N3jCyjCRN R8 j@3 ja<3j 7K Iw3a V8a33 Iw3aWY i@3N. j@3
LRcj N<nIa LRL3NjnL Cc $cRa$30 CN jCIjCN< j@3 L<N3jCyjCRN
0Ca3,jCRNY i@3 bii Lw IcR $3 a3q3ac30Y i@Cc sCII $3 L3NjCRN30
CN j@3 N3uj c3,jCRN $Rnj Una3 cUCN ,naa3NjcY
bUCN ,naa3Njc
 Una3 cUCN ,naa3Nj ,N $3 ,a3j30 s@3N N LRnNj R8 3I3,jaRNc
sCj@ RN3 cUCN Rsc CN RN3 0Ca3,jCRN cCLnIjN3RncIw jR j@3 cL3
LRnNj R8 3I3,jaRNc sCj@ j@3 RUURcCj3 cUCN RsCN< CN j@3 RUURA
cCj3 0Ca3,jCRN V7C<Y ϮWY BN Rna 8RaLICcL s3 @q3  cUCN ,naa3Njǖ۽ܟ  ǖ۽ܐɤ ˥ ǖ۽ܐɦ ̳ . $nj ǖ۽ܐ  ǖ۽ܐɤ  ǖ۽ܐɦ  Y i@3a3 Cc NR N3j ,@a<3
,naa3Nj. RNIw  Una3 cUCN ,naa3NjY ?3a3. j@3 cUCN Cc jaNcURaj30
0Ca3,jIw $w LRqCN< 3I3,jaRNcY  Una3 cUCN ,naa3Nj ,N 3q3N 3uCcj
sCj@Rnj LRqCN< 3I3,jaRNc CN L<N3jC, CNcnIjRac. 8Ra CNcjN,3Y
i@Cc cUCN ,naa3Nj Cc UaR0n,30 $w j@3 <3N3ajCRN R8 L<NRNc A
j@3 \nNj R8 cUCN sq3cY ?3a3. cUCN jaNcURaj Cc 03c,aC$30 $w
 ,naa3Nj R8 N<nIa LRL3NjnL CN RN3 0Ca3,jCRN sCj@Rnj Nw
LRqCN< 3I3,jaRNcY
i@3 <3N3ajCRN. LNCUnIjCRN N0 03j3,jCRN R8 cUCN ,naa3Njc
a3 $C< ,@II3N<3c CN cUCNjaRNC,cY 7Ra j@3 <3N3ajCRN R8 Una3 cUCN
,naa3Njc j@3a3 a3 cRL3 s3II 3cj$ICc@30 j3,@NC\n3. 8Ra 3uLUI3
j@3 cR ,II30 cUCN UnLUCN< 3{3,jЕЕ <3N3aj30 $w. 3Y<Y. j@3 83aaRL<A
N3jC, a3cRNN,3 V7K`WYЕϊ i@3 cUCN UnLUCN< 3{3,j Cc j@3 a3q3acI
R8 j@3 Ua3qCRncIw L3NjCRN30 cUCN jaNc83a jRa\n3Y ?3a3.  83aaRA
L<N3jC,gNRNAL<N3jC, L3jI $CIw3a V7KgMKW Cc UI,30 CN 
LC,aRsq3 ,qCjw sCj@  cjjC, 3uj3aNI L<N3jC, ~3I0 ǖۻ଑ UUIC30Y
i@3 cUCN URIaCyjCRN R8 j@3 83aaRL<N3j Cc NRs IC<N30 IRN<ǖۻ଑Y 8j3a j@j.  LC,aRsq3 + L<N3jC, ~3I0 U3aU3N0C,nIa jR
j@3 cjjC, ~3I0 3u,Cj3c  Ua3,3ccCRN R8 j@3 cUCNc CN j@3 83aaRL<N3j
aRnN0 ǖۻ଑Y i@Cc Ua3,3ccCRN Cc ,,RLUNC30 $w  <3N3ajCRN R8
L<NRNcY i@3 3u,CjjCRN Cc ,II30 83aaRL<N3jC, a3cRNN,3 0n3 jR
 a3cRNNj $cRaUjCRN R8 3I3,jaRL<N3jC, 3N3a<w CN j@3 83aaRL<A
N3jC, cwcj3LY i@Cc $cRaUjCRN I30c jR  L<N3jCyjCRN 0wNLC,
s@C,@ ,N $3 03c,aC$30 $w j@3 HN0nAHC8c@CjyA;CI$3aj 3\njCRN
V2\Y ϺοWY i@3 Ua3,3ccCRN R8 ǖ܀ Cc NRs aRnN0 j@3 cjjC, L<N3jC,
~3I0 ǖۻ଑ CN UI,3 R8 ǖۻ3{ R8 2\Y ϺοY i@3 <3N3aj30 L<NRNc a3
LRqCN< CN j@3 0Ca3,jCRN R8 j@3 MKY i@3 cUCN UnLUCN< aCc3c j
j@3 7KgMK CNj3a8,3 s@3a3  8a,jCRN R8 j@3 cUCN ,naa3Nj Cc jaNcA
LCjj30 CNjR j@3 MKLj3aCIY i@3 UnLU30 cUCN ,naa3NjǖܖUnLUܟ ,N
$3 a3saCjj3N cЕχ
7C<na3 Ϯ- r@3N j@3 cL3
LRnNj R8 cUCN nU N0 cUCN
0RsN 3I3,jaRNc a3 LRqCN<
CN RUURcCj3 0Ca3,jCRNc  Una3
cUCN ,naa3Nj ǖ۽ܟ R,,nacY
ЕЕ vY ic3aGRqNwG 3j IY
T@wcC,I `3qC3s H3jj3ac οο
VЙззЙW ϺϺЋЎзϺ
Еϊ #Y ?3CNaC,@ 3j IY T@wcC,I
`3qC3s H3jj3ac Ϯз VЙззЕW
ϺοЋЎзϺ
Еχ vY ic3aGRqNwG 3j IY
T@wcC,I `3qC3s H3jj3ac οο
VЙззЙW ϺϺЋЎзϺ
ЙЕ
ЕЎ ܔɤɦ  ܔɤɦܞ  ܔɤɦܕ
ЕЋ vY ic3aGRqNwG 3j IY
T@wcC,I `3qC3s H3jj3ac οο
VЙззЙW ϺϺЋЎзϺ
Еο KY BY /wGRNRq N0 pY BY
T3a3IY D2iT H3jj3ac ϺЕ VϺϮЋϺW
ϊЎЋd KY BY /wGRNRq N0
pY BY T3a3IY T@wcC,c H3jj3ac 
 Еχ VϺϮЋϺW ϊχϮ
ЕϮ DY 2Y ?Cac,@Y T@wcC,I
`3qC3s H3jj3ac οЕ VϺϮϮϮW
ϺοЕϊ
ϊз DY bCNRq 3j IY T@wcC,I
`3qC3s H3jj3ac ϮЙ VЙззϊW
ϺЙЎЎзЕ
ϊϺ Èܟ  ˥ ǖ܀^ ǖ܀^
ϊЙ vY FY FjR 3j IY b,C3N,3
ЕзЎ VЙззϊW ϺϮϺзd DY rnN03aA
IC,@ 3j IY T@wcC,I `3qC3s
H3jj3ac Ϯϊ VЙззχW зϊЋЙзϊ
ϊЕ 2Y bCjR@ 3j IY UUIC30
T@wcC,c H3jj3ac οο VЙззЎW
ϺοЙχзϮd ?Y vY BNRn3 3j IY
DRnaNI R8 UUIC30 T@wcC,c
ϺзЙ VЙззЋW зοЕϮϺχ
ϊϊ Y ?R{LNNY K<N3jC,c.
B222 iaNc,jCRNc RN ϊϮ
VЙзϺЕW χϺЋЙ
ǖܖUnLUܟ  Ǽ঱ ϨϩϩϩϪܔɤɦܞ ǖ܀  ܑ ǖܑ܀ܠ ˥ ܔɤɦܕ ܑ ǖܑ܀ܠ ϫϬϬϬϭ  VЙзW
?3a3. ܔɤɦܞ N0 ܔɤɦܕ a3 j@3 a3I N0 j@3 CL<CNaw Uaj R8 j@3 cUCN
LCuCN< ,RN0n,jN,3YЕЎ i@Cc 8,jRa 03c,aC$3c j@3 \nICjw R8 j@3
CNj3a8,3 8Ra j@3 cUCN ,naa3Nj jaNcLCccCRNY ic3aGRqNwG 3j IYЕЋ
URCNj Rnj j@j j@3 0E,3Nj MK Cc NRj  U3a83,j cUCN cCNG N0 
$,G Rs cUCN ,naa3Njǖܖ $,Gܟ @c jR $3 ,RNcC03a30Y r@3N $Rj@
cUCN ,naa3Njc a3 NRj 3\nI A j@Cc Cc j@3 ,c3 8Ra j@3 cj30w cjj3 A
s3 R$jCN  a3cnIjCN< cUCN ,naa3Njǖܖܟ ǖܖUnLUܟ ˥ǖܖ $,Gܟ VЙϺW
s@C,@ Rsc j@aRn<@ j@3 MKY
NRj@3a L3j@R0 8Ra cUCN ,naa3Nj <3N3ajCRN Cc j@3 cUCN ?II
3{3,j Vb?2W s@C,@ ,N $3 8RnN0 CN 2\Y Е CN j@3 ,RNN3,jCRN R8ǖ۽ܟ  É঴ܟܐǖ۸Y i@3 C03 sc ~acj L3NjCRN30 $w /wGRNRq N0 T3a3I
CN ϺϮЋϺYЕο i@3 3I3,jaRNc R8 N 3I3,jaC,I ,@a<3 ,naa3Nj a3 c,jA
j3a30 03U3N0CN< RN j@3Ca cUCN 0n3 jR j@3 cUCNARa$CjA,RnUICN< R8
j@3 Lj3aCIY 7Ra ?Cac,@ЕϮ j@Cc c,jj3aCN< sc LCNIw ,nc30 $w
CLUnaCjC3c. s@C,@ a383ac jR j@3 cL3 a3cRNc Ia30w L3NjCRN30
8Ra j@3 ?2 N0 M2Y i@3c3 a3 j@3 cG3sAc,jj3aCN< N0 j@3
cC03AEnLU 3{3,jcY BNcj30. 8Ra bCNRq 3j IYϊз j@Cc c,jj3aCN< ,N
IcR $3 Una3Iw CNjaCNcC,. s@C,@ Cc ,nc30 $w j@3 $N0 cjan,jna3 R8
j@3 Lj3aCIY ?Rs3q3a. j@3 c,jj3aCN< Cc jaNcq3ac3 jR j@3 ,@a<3
,naa3Njǖܖܐ N0 U3aU3N0C,nIa jR j@3 cUCN URIaCyjCRN 0Ca3,jCRNÈܟYϊϺ BN  NRNAL<N3jC, Lj3aCI j@3 cUCNc R8 II 8a33 3I3,jaRNc
a3 3\nIIw 0CcjaC$nj30 CN II 0Ca3,jCRNcY i@3a38Ra3. s3 sCII <3j
j@3 cL3 LRnNj R8 3I3,jaRNc c,jj3a30 CN RUURcCj3 0Ca3,jCRNc
$nj sCj@ RUURcCj3 cC<N R8 ÈܟY i@Cc I30c jR  Una3 jaNcq3ac3 cUCN
,naa3NjY i@3 <3N3aj30 cUCN ,,nLnIjCRN j j@3 30<3c jaNcq3ac3
jR j@3 ,@a<3 ,naa3Nj ,RnI0 $3 R$c3aq30 RUjC,IIw CN c3LC,RN0n,A
jRacYϊЙ
i@3 a3q3ac3 UaR,3cc R8 j@3 b?2 Cc j@3 CNq3ac3 cUCN ?II 3{3,j
VBb?2WϊЕ s@3N  Una3 cUCN ,naa3Nj Cc ,RNq3aj30 CNjR  jaNcq3ac3
,@a<3 ,naa3NjY BN j3aLc R8 j@3 QNc<3a a3IjCRNc N0 2\Y Й N0 Е
s3 @q3 j@3 ,RNN3,jCRN ǖ۽ܐ  É঴ܐܟ˚ভܟY i@3 Bb?2 Cc RN3 R8 j@3 LRcj
CLURajNj L3j@R0c jR 03j3,j cUCN ,naa3Njc CN cUCNjaRNC,c $w NRsY
7naj@3aLRa3. Cj Cc IcR j@3 L3j@R0 8Ra cUCN ,naa3Nj 03j3,jCRN CN
j@Cc j@3cCcY i@3 a3IjCRN CN j@3 ,RNq3acCRN $3js33N j@3 cUCN N0
,@a<3 ,naa3Njc ,N $3 03c,aC$30 c j@3 cRA,II30 cUCN ?II N<I3êb? s@C,@ Cc <Cq3N $wϊϊ ঩b?  ঴ܟuw঴ܐuu ܒǼ VЙЙW
Йϊ
sCj@ j@3 IRN<Cjn0CNI ,@a<3 ,RN0n,jCqCjw ঴ܐuu N0 j@3 jaNcq3ac3
cUCN ?II ,RN0n,jCqCjw ঴ܟuwY i@3 Bb?2 sc ~acjIw L3cna30 CN
NNRL3j3a j@CN MCξϹ73ϹϭgTj $CIw3acYϊЕ ?3a3. j@3 cUCN ,naa3Nj
sc <3N3aj30 sCj@ j@3 $Rq3 L3NjCRN30 L3j@R0 R8 7K` Z cUCN
UnLUCN< 8aRL j@3 83aaRL<N3jC, MCξϹ73Ϲϭ CNjR j@3 UaL<N3jC,
Tj ~IL. s@C,@ 3u@C$Cjc @C<@ cUCNARa$CjA,RnUICN<Y BN j@3 Tj j@3
cUCN ,naa3Nj ǖܖܟ s@C,@ @c  cUCN RaC3NjjCRN Èܟ UaII3I jR j@3 cjjC,
3uj3aNI L<N3jC, ~3I0 ǖۻ଑ Cc ,RNq3aj30 CNjR  ,@a<3 ,naa3Njϊχǖܖܐ  ঩b? ܒǼ۴ ǖܖܟ  Èܟ VЙЕW
sCj@ j@3 ,RNj,j a3 ۴ R8 j@3 7KgMK CNj3a8,3Y ?Rs3q3a. CN N
RU3N ,Ca,nCj ,RN0CjCRN j@3 CL$IN,3 R8 ,@a<3 ,aaC3ac CN j@3 MK
$nCI0c nU N 3I3,jaC, ~3I0 s@C,@ ,RnNj3a,jc j@3 0aCq3N ,@a<3
,naa3NjY i@Cc 3I3,jaC, ~3I0 ,N $3 saCjj3N CN j@3 8RIIRsCN< 8RaLǖ۸ Bb?2  ۷ b?2 ǖܖܟ  Èܟ VЙϊW
sCj@ j@3Lj3aCI 03U3N03Nj Bb?2 3|,C3N,w۷ b?2Y i@Cc 3|,C3N,w
,RNcCcjc R8 j@3 Ua38,jRac CN 2\Y ЙЕ CN 00CjCRN jR j@3 3I3,jaC,I a3A
cCcjCqCjw ল R8 j@3 MK ~ILY 2\Y Йϊ Cc ,RNcCcj3Nj sCj@ j@3 8RaLICcL
R8 2\Y Е N0 ,Raa3cURN0c jR j@3 j3aL ǖ۽ܟ  É঴ܟܐǖ۸Y
 cUCN ,naa3Nj j@aRn<@  NRNAL<N3jC, L3jIIC, ~IL s@C,@
3u@C$Cjc @C<@ cUCNARa$Cj ,RnUICN< RU3aj3c ICG3  cUCN 03j3,jRa
$w RNIw L3cnaCN< N 3I3,jaC,I qRIj<3 U3aU3N0C,nIa jR ǖܖܟ N0
j@3 cUCN RaC3NjjCRN ÈܟY i@3 Iw3a j@C,GN3cc R8 j@3c3 cUCN 03j3,jRa
Lj3aCIc Cc ICLCj30 $w j@3 Lj3aCI 03U3N03Nj cUCN 0C{ncCRN
I3N<j@ বc0Y i@Cc Cc  ,@a,j3aCcjC, L3N 8a33 Uj@ sCj@CN j@3
cUCN CUc aN0RLIw 0n3 jR ,RIICcCRNc R8 j@3 3I3,jaRN sCj@ Rj@3a
UajC,I3cY i@3 $cRInj3 qIn3 R8 j@3 cUCN ,naa3Nj ܖܟ 03,wc RN Cjc
sw j@aRn<@ j@3 MK Iw3a s@3N Cj Cc jaNcLCjj30 j@aRn<@ j@3
CNj3a8,3Y i@3 a30n,30 cUCN ,naa3Nj sCj@  0CcjN,3 ܦ 8aRL j@3
CNj3a8,3 ,N $3 saCjj3N cϊЎܖܟ




sCj@ j@3 j@C,GN3cc ܠ܁ R8 j@3 MK Iw3aY i@3 cUCN ,naa3Nj 03,a3c3c
aUC0Iw CN j@3 MKLj3aCIY Qj@3a CLURajNj UaRU3ajC3c 8Ra j@3
03j3,jCRN R8 cUCN ,naa3Njc a3 qCI$I3 CN 7K` L3cna3L3NjcY
i@3 Ua3qCRncIw L3NjCRN30 cUCN LCuCN< ,RN0n,jN,3 ܔɤɦ ,N $3
03j3aLCN30 sCj@ j@3 ICN3sC0j@ϊЋ æۻcU R8 j@3 83aaRL<N3jC, a3cRA
N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7C<na3 Ϻз- `3cURNc3 LjaCu
$3js33N j@3 L<N3jCyjCRN܀. j@3 cUCN ,naa3Nj ۽ܟ. j@3
3{3,jCq3 L<N3jC, ~3I0 ۻ3{
N0  cUCN 0aCqCN< 8Ra,3 ˚ভܟY
χЙ Y #ajc 3j IY atCqYRa<
VЙзϺϺWY atCq- SSz4Yzk49
χЕ ?Y MGwL 3j IY T@wcA
C,I `3qC3s H3jj3ac ϺϺз
VЙзϺЕW ЙзЎЎзϺ
χϊ KY Ij@LL3a 3j IY T@wcA
C,I `3qC3s # οЋ VЙзϺЕW
ЙЙϊϊзϺ
sCj@ j@3 <waRL<N3jC, ajCR ত  ܔܒܙܐ. j@3 j@C,GN3cc ܠ7K R8
j@3 7K Iw3a N0 j@3 LC,aRsq3 N<nIa 8a3\n3N,w ঺ V,8Y ?R{A
LNNϊϮ N0 KRc3N0y 3j IYχзWY i@3 ICN3sC0j@ æۻcU 03U3N0c
ICN3aIw RN N 3{3,jCq3 0LUCN< UaL3j3a ঢ3{  ঢcUঢзY i@Cc Cc
 cnL R8 j@3 ;CI$3aj 0LUCN< UaL3j3a ঢз s3 @q3 CNjaR0n,30
CN j@3 HH; 3\njCRN V2\Y ϺοW N0  cUCN UnLUCN< 0LUCN< UaLA
3j3a ঢcUY i@3N. j@3 ICN3sC0j@ Cc <Cq3N $w æۻcU  ঢ3{঺তY r@3N
j@3 7K ~IL Cc CNq3cjC<j30 $w 7K` sCj@Rnj MK Iw3a RN jRU s3
R$jCN j@3 ;CI$3aj 0LUCN< ঢз $w L3cnaCN< æۻ Y
,,RLUNC30 $w j@3 cUCN ?II 3{3,j j@3a3 a3 LNw Rj@3a
3{3,jc N0 URccC$I3 UUIC,jCRNc cn,@ c cUCNAjRa\n3 csCj,@CN<YχϺ
?3a3.  ,@a<3 ,naa3Nj j@aRn<@  i ~IL s@C,@ Cc NRNAL<N3jC,
N0 3u@C$Cjc @C<@ cUCNARa$Cj ,RnUICN< <3N3aj3c N RnjAR8AUIN3
cUCN ,naa3Nj 0n3 jR j@3 b?2Y i@Cc cUCN ,naa3Nj Cc nc30 jR csCj,@
j@3 L<N3jCyjCRN R8 j@3 IRs3a 7K Iw3a R8  KiD s@C,@ Cc UI,30
RN jRU R8 j@3 i ~ILY i@3 csCj,@CN< ,N $3 a3q3ac30 $w ,@N<CN<
j@3 cC<N R8 j@3 ,@a<3 ,naa3NjY i@Cc 3{3,j Cc 3\nI jR j@3 Ua3qCRncIw
L3NjCRN30 bii $nj j@3 cUCN jRa\n3 Cc ,,RLUICc@30 $w  Una3
cUCN ,naa3Nj CNcj30 R8  cUCN URIaCy30 ,@a<3 ,naa3NjY
7Ra j@3 cG3 R8 ,RLUI3j3N3cc s3 sRnI0 ICG3 jR <Cq3  c@Raj
Rq3aqC3s R8 j@3 ,RNN3,jCRN $3js33N j@3 L<N3jCyjCRN܀ N0 
Una3 cUCN ,naa3Nj ۽ܟY i@3 cUCNjaRNC, U@3NRL3N 03c,aC$30 $w j@3
HH;. bii. cUCN UnLUCN< N0 cUCN ,RN0n,jN,3 ,N $3 ,RL$CN30
CN  a3cURNc3 LjaCu V7C<Y ϺзWYχЙ ۻ3{ sc CNjaR0n,30 CN 2\Y Ϻο
N0 j@3 cUCN 0aCqCN< 8Ra,3 ˚ভܟ a3cnIjc 8aRL j@3 0C{3a3N,3 R8 j@3
cUCNA03U3N03Nj ,@3LC,I URj3NjCIc ভɤ ˥ ভɦ s@C,@ ,a3j3c cUCN
,,nLnIjCRN N0  0aCqCN< 8Ra,3 CNjR a3<CRNc sCj@ IRs3a cUCN
,,nLnIjCRNY Bj $3,RL3c R$qCRnc $w QNc<3aȕc cwLL3jaw a3IA
jCRN V2\Y ЙW j@j cUCN UnLUCN< N0 j@3 bii a3 ,RLUI3L3Njaw
jR 3,@ Rj@3a N0 ,RNN3,j j@3 cUCN ,naa3Nj sCj@ j@3 LRjCRN R8
L<N3jCyjCRNY
 q3aw a3,3NjIw R$c3aq30 U@3NRL3NRN s@C,@ Cc $c30 RN N
CNj3aUIw $3js33N j@3 b?2 N0 Cjc a3q3acI UaR,3cc. j@3 Bb?2.
Cc j@3 cR ,II30 cUCN ?II L<N3jRa3cCcjN,3 VbK`WYχЕ.χϊ i@Cc Cc 
N3s GCN0 R8 K` 3{3,jY r@3N  ,@a<3 ,naa3Nj Rsc j@aRn<@ 
NRNAL<N3jC, Lj3aCI sCj@  @C<@ cUCNARa$Cj ,RnUICN< j@3a3 Cc
 jaNcq3ac3 cUCN ,naa3Nj 0n3 jR j@3 b?2Y i@3 cUCN RaC3NjjCRN
Cc U3aU3N0C,nIa jR j@3 ,@a<3 ,naa3Nj N0 j@3 cUCN ,naa3Nj 0CA
a3,jCRNY j j@3 30<3c j@3c3 cUCN ,naa3Njc a3 a33,j30 0n3 jR j@3
$RnN0aw ,RN0CjCRNcY 8j3a j@3 a33,jCRN j@3 Bb?2 ,RNq3ajc j@Cc
cUCN ,naa3Nj $,G CNjR  ,@a<3 ,naa3Nj s@C,@ Rsc CN j@3 cL3
0Ca3,jCRN c j@3 UUIC30 ,@a<3 ,naa3NjY N 0E,3Nj ~IL R8 j@3
L<N3jC, CNcnIjRa wjjaCnL CaRN <aN3j ,N $cRa$ j@3 cUCN ,naA
ЙЎ
a3Nj $w bii s@3N j@3 L<N3jCyjCRN R8 j@3 wjjaCnL CaRN <aN3j
Cc U3aU3N0C,nIaIw IC<N30 jR j@3 cUCN RaC3NjjCRNY i@3 L<N3A
jCyjCRN Cc ,RNjaRII30 $w N 3uj3aNI L<N3jC, ~3I0 s@C,@ Cc jRR
IRs jR CNn3N,3 j@3 cUCN RaC3NjjCRN R8 j@3 cUCN ,naa3Nj CN j@3 TjY
r@3N j@3 L<N3jCyjCRN Cc UaII3I jR j@3 cUCN RaC3NjjCRN R8 j@3
cUCN ,naa3Nj j@3a3 Cc  a33,jCRNY i@3 $cRaUjCRN N0 a33,jCRN R8
j@3 cUCN ,naa3Nj N0 j@3 CNj3aUIw R8 b?2 N0 Bb?2 ,Raa3cURN0
jR j@3 jsR cjj3c R8 @C<@ N0 IRs a3cCcjN,3Y i@Cc ,RnI0 $3 c@RsN
CN ,RII$RajCRN sCj@ Ij@LL3a 3j IYχϊ CN cCLCIa wjjaCnL CaRN
<aN3j N0 NC,G3I 83aaCj3 ~ILc s@C,@ s3a3 nc30 CN j@Cc j@3cCcY
bUCN,IRaCjaRNC,c
i@3 <3N3ajCRN R8 Una3 cUCN ,naa3Njc sCj@ @3j Cc 03c,aC$30 $w j@3
~3I0 R8 cUCN,IRaCjaRNC,cYχχ r3 Ia30w 03c,aC$30 j@3aLR3I3,jaC,
3{3,jc s@3a3 j@3 3I3,jaC, ~3I0 sc 3u,@N<30 $w  j3LU3ajna3
<a0C3Nj N0 Q@Lȕc Is V2\Y ϊW ,@N<3c CNjR j@3 b33$3,G 3{3,j
V2\Y ϺЕWY i@3 ,RNj3uj $3,RL3c ,I3a $w 2\Y Е N0 j@3 QNc<3a
a3IjCRNcY i@3 b33$3,G 3{3,j ,RNN3,jc j@3 j3LU3ajna3 <a0C3Nj˚܇ sCj@  <3N3aj30 3I3,jaC, ~3I0 ǖ۸ $w  Lj3aCI 03U3N03Nj UaRA
URajCRNICjw 8,jRa A j@3 b33$3,G ,R3|,C3Nj ܆Y Bj Cc s3II GNRsN. CN
 cCLUI3 CL<3. j@j j@3aLI 3N3a<w ,N ,jCqj3 j@3 LRjCRN R8
UajC,I3c c s3II c \ncC UajC,I3cY T@RNRNc a3 N 3uLUI3 R8 
j@3aLIIw CN0n,30 Rs R8 \ncC UajC,I3cY 7naj@3aLRa3. j@3 <3NA
3ajCRN R8 j@3aLIIw 0aCq3NL<NRNc Cc a3IjCq3Iw N3s N0 R8 <a3j
CNj3a3cj CN a3c3a,@ j Ua3c3NjY i@Cc Cc j@3 ,RNN3,jCRN ǖ۽ܟ  ˥ É঴ܟܝ˚܇
CN 2\Y ЕY BN j@3 8RIIRsCN< Ucc<3. s3 sCII 3uUICN j@3 aCcCN< R8 j@3
cUCN b33$3,G 3{3,j 0naCN< j@3 Icj w3ac CN ,@aRNRIR<C,I Ra03aY
 j@3Ra3jC,I URCNj R8 qC3s sCII $3 Ua3c3Nj30 s@C,@ Cc nc30 CN
Ij3a 0Cc,nccCRNc N0 a<nL3Njc ,RN,3aNCN< j@3 UU3aN,3 R8
j@3 cUCN b33$3,G 3{3,j CN j@3 Lj3aCIc CNq3cjC<j30Y
bUCN b33$3,G 3{3,j
QN3 R8 j@3 LCN <RIc CN cUCN,IRaCjaRNC,c Cc j@3 <3N3ajCRN R8
j@3aLIIw L30Cj30 cUCN ,naa3NjcY i@3 G3w 3uU3aCL3Nj CN j@Cc
$aN,@ Cc j@3 cUCN b33$3,G 3{3,j Vbb2WY i@3 ~acj R$c3aqjCRN R8 j@3
bb2 sc a3URaj30 CN Йззο $w m,@C0 3j IYχЎ CN Йз NL j@CN U3aLIA
IRw VTw. MCξϹ73ϹϭW ~ILcsCj@  Ϻз NL j@CN Tj cjaCU c  cUCN 03j3,jRaY
i@3w ,RNcC03a30  ,RNq3NjCRNI j@3aLR,RnUI3 c a383a3N,3Y i@Cc
a383a3N,3 Cc 0RUj30 jR  83aaRL<N3j s@3a3 j@3w ,RNcC03a30
j@3 jsR cUCN ,@NN3I LR03IYχЋ 2,@ cUCN ,@NN3I a3Ua3c3Njc RN3
,RN0n,jRa sCj@ Cjc 0CcjCN,j b33$3,G ,R3|,C3NjY i@3a38Ra3. N CLA
χχ ;Y 2Y rY #n3a 3j IY MA
jna3 Kj3aCIc ϺϺ VЙзϺЙW
ЕϮϺ
χЎ FY m,@C0 3j IY Mjna3
ϊχχ VЙззοW ЋЋο
χЋ MY 7Y KRjjY BN- TaR,330CN<c
R8 j@3 `RwI bR,C3jw R8 HRN0RNY





7C<na3 ϺϺ- i@3 jsR cUCN ,@NA
N3Ic R8  83aaRL<N3j s3a3




















7C<na3 ϺЙ- VW 7Cacj bb2 ,RN~<A
najCRN sCj@ Tj cjaCU RN j@3
@Rj cC03 R8  Tw ~IL RN  cUA
U@Ca3 Ra K<Q cn$cjaj3Y V$W
i@3 qRIj<3 ܉ j j@3 Tj cjaCU
c  8nN,jCRN R8 j@3 3uj3aNI
L<N3jC, ~3I0 ۻ Y
$IN,3 R8 j@3 cUCN sc Ua30C,j30 CN j@3 83aaRL<N3jC, ~IL s@3N
N CNAUIN3 j3LU3ajna3 <a0C3Nj ˚܇ܤ sc UUIC30 V7C<Y ϺϺWY
i@Cc CL$IN,3 sc 3uU3,j30 $3js33N j@3 @Rj N0 j@3 ,RI0
cC03 R8 j@3 7K Iw3a sCj@ N CNAUIN3 cUCN RaC3NjjCRN s@3N N
3uj3aNI L<N3jC, ~3I0 Iw UaII3I jR ˚܇ܤY 7Ra j@3 03j3,jCRN R8
j@3 cUCN ,,nLnIjCRN  j@CN Tj cjaCU sc nc30 sCj@  j@C,GN3cc
R8 Ϻз NL. s@C,@ Cc CN j@3 a3<CRN R8 j@3 cUCN 0C{ncCRN I3N<j@Y Bj
sc NRj 3NjCa3Iw a3URaj30 s@j GCN0 R8 0aCqCN< 8Ra,3 sc 3u,jIw
a3cURNcC$I3 8Ra  cUCN ,naa3Nj RsCN< U3aU3N0C,nIaIw 8aRL j@3
Tw Iw3a CNjR j@3 Tj cjaCUY M3q3aj@3I3cc. j@3 Bb?2 CN j@3 Tj sc 3uA
U3,j30 jR ,RNq3aj j@3 cUCN ,naa3Nj CNjR  jaNcq3ac3 ,@a<3 ,naa3NjY
N 3I3,jaRLRjCq3 8Ra,3 03c,aC$30 $w 2\Y Йϊ sc 3uU3,j30 jR aCc3
IRN< j@3 Tj cjaCU s@C,@ c@RnI0 $3 L3cna$I3 c N 3I3,jaC,I
qRIj<3Y i@3a38Ra3. j@3 a3\nCa30 RaC3NjjCRNc a3 j@3 cUCN URIaCA
cjCRN q3,jRa Èܟ IC<N30 $w j@3 3uj3aNI L<N3jC, ~3I0. s@C,@ Cc
UaII3I jR ˚܇ܤ. N0 N RnjAR8AUIN3 cUCN ,naa3Nj ǖܖܟY  03jCI30
3uUINjCRN 8Ra j@3 0aCqCN< 8Ra,3 R8 j@Cc RnjAR8AUIN3 cUCN ,naa3Nj
sc LCccCN<Y i@3 ,RL$CNjCRN R8 N 7KgMK Iw3a cwcj3L CLA
UIC3c  0C{ncCRN R8 j@3 cUCN 8aRL  a3<CRN R8 cUCN ,,nLnIjCRN jR
 a3<CRN sCj@ NR cUCN ,,nLnIjCRN ,,RLUNC30 sCj@ j@3 cUCN
UnLUCN< 3{3,j 8aRL N 7K CNjR N MK Iw3aY
?Rs3q3a. j@3 a3URaj30 R$c3aqjCRNc s3a3  L3cna$I3 qRIjA
<3 CN  aN<3 R8  83s LC,aRqRIj sCj@  j3LU3ajna3 0C{3a3N,3æ܇ܤ R8 $Rnj ϺзF Rq3a  I3N<j@ R8 ϺзLLY i@3 LRcj cjaCGCN<
$3@qCRna sc j@3 qaCjCRN R8 j@3 qRIj<3 03U3N0CN< RN j@3 IRA
,jCRN R8 j@3 Tj cjaCU IRN< j@3 Tw ~IL V7C< ϺЙ N0 7C< ϺЕWY i@3
qRIj<3 03,a3c30 s@3N j@3 Tj cjaCU sc LRq30 8aRL j@3 @Rj cC03
jR j@3 ,RI0 cC03 R8 j@3 TwY BN j@3 LC00I3 R8 j@3 Tw ~IL j@3 Bb?2
qRIj<3 qNCc@30 ,RLUI3j3IwY 8j3a j@j.  cC<N a3q3acI CN j@3
qRIj<3 ,RnI0 $3 R$c3aq30 N0 j@3 $cRInj3 qIn3 CN,a3c30 nNjCI
j@3 Tj cjaCU a3,@30 j@3 ,RI0 cLUI3 cC03Y r@j sc a3cURNcC$I3
8Ra j@Cc cC<N a3q3acI sc j@3 a3q3ac30 cUCN ,naa3Nj CNjR j@3 Tj
$3js33N j@3 @Rj N0 j@3 ,RI0 cLUI3 3N0cY r@3N j@3 3uj3aNI
L<N3jC, ~3I0 ǖۻ sc a3q3ac30 j@3 cUCN RaC3NjjCRN Èܟ ,@N<30 Cjc
cC<N cCLnIjN3RncIwY i@Cc $3@qCRna ,RnI0 $3 R$c3aq30 CN L<A
N3jC, ~3I0 IRRUL3cna3L3NjcY i@3 R$jCN30܉˥ۻ ,naq3c IRRG30
ICG3 jwUC,I ܀ ˥ ۻ @wcj3a3cCc ,naq3c 0n3 jR j@3 L<N3jCyjCRN
csCj,@CN< R8 j@3 7K Iw3aY i@3c3 ܉ ˥ ۻ ,naq3c s3a3 a3q3ac30
s@3N j@3 Tj cjaCU sc UI,30 8aRL j@3 @Rj jR j@3 ,RI0 cLUI3 cC03Y
i@3a38Ra3. m,@C0 3j IY ,RN,In030 j@j j@Cc cC<N a3q3acI @c jR
,RL3 8aRL  a3q3acI R8 j@3 cUCN ,naa3Nj ǖܖܟY
?Rs3q3a. j@3 ~acj 3uUINjCRN $w m,@C0 3j IY sc  cC<N
,@N<3 CN Èܟ 0n3 jR j@3 CL$IN,3 R8 j@3 cUCNc sCj@ RUURcCj3 0Ca3,A
Йο
jCRN $3js33N j@3 @Rj N0 j@3 ,RI0 cLUI3 cC03Y i@Cc $3@qCRna
sc NRj ,a38nIIw 3uUICN30Y r@3N j@3 L<N3jCyjCRN R8 j@3 7K
Iw3a Cc CN cjnajCRN II cUCNc c@RnI0 $3 UaII3I IC<N30Y 8j3a
II. j@3a3 Cc NR 0C{3a3N,3 CN j@3 R$c3aqjCRN s@3N j@3a3 a3 jsR
cUCN ,naa3Njc sCj@ N NjCUaII3I cUCN RaC3NjjCRN CN j@3 cL3
0Ca3,jCRN Ra jsR cUCN ,naa3Njc sCj@  UaII3I cUCN RaC3NjjCRN CN
RUURcCj3 0Ca3,jCRNcY
7naj@3aLRa3. j@3 ,aRcc UaR0n,j R8 2\Y Йϊ VBb?2W ,RnI0 $3
8naj@3a ,RN~aL30 $w L3cna3L3Njc CNqRIqCN< aRjjCRN R8 j@3
3uj3aNI L<N3jC, ~3I0 CN j@3 cLUI3 UIN3Y i@3 R$c3aqjCRN sc
 ,Rc 8nN,jCRN s@3N j@3 L<N3jC, ~3I0 0Ca3,jCRN cjaj30 8aRL
UaII3I jR j@3 j3LU3ajna3 <a0C3NjY i@3 cC<N R8 j@Cc ,Rc 8nN,jCRN
,@N<30 s@3N j@3 Tj cjaCU LRq30 8aRL j@3 @Rj jR j@3 ,RI0 cLUI3
cC03Y r@3N j@3 qRIj<3 sc L3cna30 0Ca3,jIw RN j@3 Tw ~IL
j@3 Bb?2 qRIj<3 qNCc@30 ,RLUI3j3Iw 3q3N j j@3 cLUI3 30<3c
s@3N j@3 cUCN 03j3,jRa sc LCccCN<Y
i@Cc cUCN ,,nLnIjCRN j@3aLR,RnUI3 NIR<w sc ,RNjaRA
q3acCIIw 0Cc,ncc30Y Bj Cc $c30 RN j@3 jsR cUCN ,@NN3I LR03I
s@C,@ @c jR sCj@cjN0 Rq3a  I3N<j@c,I3 R8  83s LCIICL3j3ac.
j@3 I3N<j@ R8 j@3 Tw ~ILY i@Cc Cc Ln,@ IRN<3a j@N j@3 $Rq3
L3NjCRN30 cUCN 0C{ncCRN I3N<j@ R8  83s. j3Nc. Ra 3q3N @nN0a30c
R8 NNRL3j3ac 03U3N0CN< RN j@3 Lj3aCI. $nj cjCII cLII3aY N
Ij3aNjCq3 N0 j@3Ra3jC,IIw LRjCqj30 3uUINjCRN sc <Cq3N $w
tCR 3j IY CN ЙзϺзYχο i@3w ,aCjC,Cc30 j@3 qC3s j@j j@3 jsR cUCN
,@NN3Ic c@RnI0 $3 c@Raj ,Ca,nCj 0n3 jR cUCNACU c,jj3aCN< IRN<
j@3 LCIICL3j3a c,I3Y i@3w UaRURc30  0C{3a3N,3 $3js33N j@3
cn$Acwcj3Lc R8 j@3 L<NRN j3LU3ajna3 ܇ܙ CN j@3 7K Iw3a N0
j@3 3I3,jaRN j3LU3ajna3 ܇ܒ CN j@3 MK Iw3aY i@3 Ijj3a c@RnI0
$3 3\nI jR j@3 U@RNRN j3LU3ajna3 ܇ܜ CN j@3 MK Iw3a 0n3 jR 
cjaRN< 3I3,jaRNAU@RNRN CNj3a,jCRNY i@Cc 0C{3a3N,3 sc ccnL30
c j@3 0aCqCN< 8Ra,3 8Ra  j@3aLIIw ,jCqj30 cUCN UnLUCN< 3{3,jY
 LRa3 03jCI30 03c,aCUjCRN R8 j@3 L<NRNAU@RNRN CNj3a,jCRN
0n3 jR j@3Ca a3IujCRN $3@qCRna sc <Cq3N $w bN03ac N0 rIA
jRNYχϮ i@3 3uUINjCRN $w tCR 3j IYχο Cc LRcjIw $c30 RN j@3Ca
sRaGY
r3 sRnI0 ICG3 jR a30n,3 j@3 ,RLUI3j3 j@3Raw jR j@3 LCN
a<nL3NjcY BN j@3 sRaG R8 tCR 3j IYχο j@3 L<N3jCyjCRN ǖ܀ CN
j@3 7K Iw3a Cc a3Ua3c3Nj30 $w  cCN<I3 0RLCN CN j@3 cRA,II30
L,aRcUCN LR03IY j  NRNAy3aR j3LU3ajna3 ܇ j@3 L<N3jCyA
jCRN ǖ܀ Cc j@3aLIIw ,jCqj30 N0 j@3a38Ra3 Íǖ܀ ̳ YЎз i@Cc I30c jR
 cUCN UnLUCN< 0aCq3N cUCN ,naa3NjǖܖUnLUܟ <Cq3N $w 2\Y ЙзY i@Cc Cc


















7C<na3 ϺЕ- VW 7Cacj bb2 ,RN~<A
najCRN sCj@ Tj cjaCU RN j@3
,RI0 cC03 R8  Tw ~ILRN  cUA
U@Ca3 Ra K<Q cn$cjaj3Y V$W
i@3 qRIj<3 ܉ R8 j@3 Tj cjaCU
c  8nN,jCRN R8 j@3 3uj3aNI
L<N3jC, ~3I0 ۻ Y
χο DY tCR 3j IY T@wcC,I
`3qC3s # οϺ VЙзϺзW ЙϺϊϊϺο
χϮ /Y bN03ac N0 /Y rIjRNY
T@wcC,I `3qC3s # Ϻχ VϺϮЋЋW
ϺϊοϮ
Ўз Íǖ܀  ܑǖܑ܀ܠ
ЙϮ
ЎϺ DY tCR 3j IY T@wcC,I
`3qC3s # οϺ VЙзϺзW ЙϺϊϊϺο
ЎЙ KY b,@a3C3a 3j IY T@wcC,I
`3qC3s # οο VЙзϺЕW зϮϊϊϺз
ЎЕ FY m,@C0 3j IY Mjna3
ϊχχ VЙззοW ЋЋο
Ўϊ FY m,@C0 3j IY Mjna3
Kj3aCIc Ϯ VЙзϺзW οϮϊ
$w tCR 3j IYЎϺ c
ǖܖ$,Gܟ 
ܠ  ˥܀ܟ܉ত ত ǖ܀
ܠ  ǖۻa
ܠ VЙЋW
sCj@  aN0RL L<N3jC, ~3I0 ǖۻa s@C,@ ,jc RN j@3 j@3aLIIw
,jCqj30 L<N3jCyjCRNY i@3 cUCN ,naa3NjǖܖUnLUܟ Cc UaRURajCRNI
jR j@3 L<NRN j3LU3ajna3 ܇ܙ CN j@3 83aaRL<N3j N0 j@3 $,G
Rs cUCN ,naa3Njǖܖ$,Gܟ Cc UaRURajCRNI jR j@3 3I3,jaRN j3LU3ajna3܇ܒ CN j@3 NRNAL<N3jC, Lj3aCIY `3<a0CN< 2\Y ЙϺ s@C,@ j3IIc nc
j@j j@3 a3cnIjNj cUCN ,naa3Nj Cc j@3 cnL R8 $Rj@ s3 R$jCNǖܖܟ ˰ ܇ܙ ˥ ܇ܒ  æ܇L3 VЙοW
r@3N 2\Y ЙЕ 8Ra j@3 Bb?2 Cc nc30  8RaLnI 8Ra j@3 L3cna30 bb2
qRIj<3 ,N $3 ,a3j30 s@C,@ sc Ij3a 0a8j30 $w b,@a3C3a 3j IYЎЙ
8aRL tCR 3j IYЎϺ CN j@3 8RaL
܉bb2  ܔɤɦܞ তǼܗ۵঱܀ܟ܉܎æ܇L3 Θ ܒǼ ঩܆ۻলܘ Θ ন Θ বܠ jN@ ധ ܠবപ  VЙϮW
BN j@3 ~acj 8a,jCRN j@3a3 a3 II UaRU3ajC3c ,RN,3aNCN< j@3 7K
Iw3aY i@3a3 a3 j@3 a3I Uaj R8 j@3 cUCN LCuCN< ,RN0n,jN,3 ܔɤɦܞ
V,8Y 2\Y Йз N0 2\Y ЙЎW. j@3 <waRL<N3jC, ajCR ত. N0 j@3L<N3jC,
,R@3a3N,3 qRInL3 ܉܎ V,8Y tCR 3j IYЎϺ N0 b,@a3C3a 3j IYЎЙWY æ܇L3
Cc j@3 j3LU3ajna3 0C{3a3N,3 $3js33N j@3 L<NRNc CN j@3 7K
N0 j@3 3I3,jaRNc CN j@3 MKY i@3 MK Iw3a UaRU3ajC3c a3 j@3
cUCN ?II N<I3 ঩܆ۻ V,8Y 2\Y ЙЙW. j@3 3I3,jaC,I a3cCcjCqCjw ল N0 j@3
0CcjN,3 ܘ $3js33N j@3 qRIj<3 ,RNj,jcY i@3 ,RNcjNj ন cjN0c
8Ra  $,G Rs ,Raa3,jCRN 8,jRa 8Ra  cUCN ,naa3Nj s@C,@ 0C{nc3c
$,G 8aRL j@3 MK CNjR j@3 7K Iw3aY i@3 Icj j3aLc 03c,aC$3
j@3 U3N3jajCRN 03Uj@ sCj@ j@3 cUCN 0C{ncCRN I3N<j@ ব N0 j@3
j@C,GN3cc ܠ R8 j@3 MK Iw3aYЎЙ
iaNcq3ac3 cUCN b33$3,G 3{3,j
i@3 bb2 RN Tw c Cj sc L3cna30 $w m,@C0 3j IYЎЕ CN Йззο sc
R$jCN30 CN j@3 cRA,II30 jaNcq3ac3 ,RN~<najCRN Vibb2W. $3,nc3
j@3 03j3,j30 cUCN ,naa3Nj s@C,@ Cc ncnIIw RnjAR8AUIN3 jR j@3
7KgMKcwcj3L Cc jaNcq3ac3 jR j@3 UUIC30 j3LU3ajna3 <a0C3NjY
BN s@j 8RIIRsc j@3 cUCN b33$3,G 3{3,j CN j@Cc ,RN~<najCRN sCII
$3 ,II30 ibb2Y
8j3a j@3 ~acj R$c3aqjCRN CN Tw ~ILc. jsR 8naj@3a Lj3aCI
cwcj3Lc ,L3 CNjR j@3 8R,nc R8 ibb2 CNq3cjC<jCRNc j j@3 cL3
jCL3Y BN ЙзϺзm,@C0 3j IYЎϊ CNq3cjC<j30 j@3 ibb2 CN j@3L<N3jC,
CNcnIjRa wjjaCnL CaRN <aN3j VvB;WY i@3 R$c3aq30 $3@qCRna R8
j@3 qRIj<3L3cna30 RN j@3 Tj cjaCUsc j@3 cL3 ,RLUa30 jR Tw
s@C,@ I30 jR  cCLCIa CNj3aUa3jjCRN R8 j@3 ibb2Y BN j@Cc cLUI3
cwcj3L j@3a3 a3 NR 8a33 ,@a<3 ,aaC3ac CN j@3 83aaRL<N3j. RNIw
j@3aLIIw ,jCqj30 L<NRNcY i@3 j@3Raw $w tCR 3j IYЎχ j@j
j@3 0aCqCN< 8Ra,3 R8 j@3 cUCN ,naa3Nj Cc j@3 0C{3a3N,3 $3js33N j@3
L<NRN j3LU3ajna3 CN j@3 7K N0 j@3 3I3,jaRN j3LU3ajna3 CN
j@3 MK ,RnI0 cjCII 3uUICN j@3 R$c3aqjCRNcY
KRa3Rq3a. CN j@3 cL3 w3a DsRacGC 3j IYЎЎ CNq3cjC<j30 j@3
83aaRL<N3jC, c3LC,RN0n,jRa ;KNcY i@3 $3@qCRna R8 j@3
jaNcq3ac3 qRIj<3 R$c3aq30 j  Tj cjaCU sc IcR LRcjIw j@3 cL3
,RLUa30 jR j@3 CNq3cjC<jCRN RN Tw $w m,@C0 3j IYЎЕ i@3 LRcj
cjaCGCN< 00CjCRNI ,RNjaC$njCRN R8 j@Cc Un$IC,jCRNsc  ,nj R8 j@3
7K Iw3a CN j@3 LC00I3 R8 j@3 cLUI3Y i@3a3 sc NR ,RNN3,jCRN
$3js33N j@3 @Rj N0 j@3 ,RI0 cLUI3 cC03 R8 j@3 7K Iw3a 3u,3Uj
j@aRn<@ j@3 CNcnIjCN< N0 NRNAL<N3jC, ;c cn$cjaj3Y 
cC<N a3q3acI R8 j@3 R$c3aq30 Bb?2 qRIj<3 $3js33N j@3 @Rj N0
j@3 ,RI0 cC03 R8 j@3 cLUI3 sc cjCII R$jCN30Y i@3a38Ra3. j@3
0RLCNNj 3{3,j sc jjaC$nj30 jR j@3 ibb2Y i@3w ,ICL30 j@j 
,RNN3,jCRN $3js33N $Rj@ cC03c ,RnI0 RNIw $3 a3ICy30 $w U@RNRNc
CN j@3 cn$cjaj3Y
7naj@3aLRa3. DsRacGC 3j IYЎЎ Ua3c3Nj30 j@3 ~acj ,RN,3aNc
$Rnj nNCNj3N030 cC03 3{3,jc s@C,@ s@3a3 CNq3cjC<j30 c 8RIA
IRscY BNcj30 R8 Tj cjaCUc j@3w nc30 Tj URCNj ,RNj,jc j j@3 cLUI3
3N0c jaNcq3ac3 jR j@3 j3LU3ajna3 <a0C3NjY i@3 jaNcq3ac3 qRIjA
<3 sc L3cna30 j j@3c3 Tj ,RNj,jcY KRa3Rq3a. j@3w nc30
;KNc cLUI3c sCj@ N RnjAR8AUIN3 L<N3jCyjCRNY i@3w R$A
c3aq30 N 3{3,j s@C,@ j@3w jjaC$nj30 jR j@3 M2 <Cq3N $w 2\Y ϺχY
i@3a3 sc NR cC<N a3q3acI $3js33N j@3 @Rj N0 j@3 ,RI0 cLUI3
3N0Y i@3 3{3,j ,RLUI3j3Iw 0CcUU3a30 s@3N Tj cjaCUc CNcj30
R8 URCNj ,RNj,jc s3a3 nc30Y i@3w ccnL30 j@j j@3 Tj c@Raj30
Rnj j@3 3{3,j. $3,nc3 j@3 Tj @0  Ln,@ cLII3a a3cCcjN,3 j@N
j@3 ;KNcY 8j3a j@j. j@3w 03URcCj30 Tj URCNj ,RNj,jc RN
;KNc ~ILc sCj@ N CNAUIN3 L<N3jCyjCRN N0 R$c3aq30 N
M2 0030 $w  TM2 V2\Y ϺЋWY <CN.  cC<N a3q3acI $3js33N j@3
@Rj N0 j@3 ,RI0 3N0 sc NRj R$c3aq30Y i@3w ,RN,In030 j@j j@3
M2sc  a3cnIj R8 cUnaCRnc RnjAR8AUIN3 j3LU3ajna3 <a0C3NjcY
BN ЙзϺϺ #Rcn 3j IYЎЋ Ua3c3Nj30  ibb2 CNq3cjC<jCRN CN j@3
@C<@Iw cUCN URIaCy30 ?3ncI3a ,RLURnN0 +RИKNbC sCj@ N 0EA
,3Nj Tj cjaCU N3a RN3 cLUI3 30<3Y i@3w 0C0 L3cna3L3Njc RN
+RИKNbCgTj N0 RN TwgTj c  a383a3N,3 jR ,RLUa3 j@3 a3cnIjc
sCj@ j@3 sRaG R8 m,@C0 3j IYЎЕ i@3 R$c3aqjCRNc s3a3 LRcjIw j@3
cL3. $nj j@3w IcR ,RNcC03a30 N nNCNj3N030 M2 CN 00CjCRN
Ўχ DY tCR 3j IY T@wcC,I
`3qC3s # οϺ VЙзϺзW ЙϺϊϊϺο
ЎЎ +Y KY DsRacGC 3j IY MA
jna3 Kj3aCIc Ϯ VЙзϺзW οϮο
ЎЋ bY #Rcn 3j IY T@wcC,I
`3qC3s # οЕ VЙзϺϺW ЙЙϊϊзϺ
ЕϺ
Ўο bY ?Y rN< 3j IY T@wcC,I
`3qC3s # οο VЙзϺЕW ЙϺϊЕзϊ
ЎϮ ;Y bC3<3I 3j IY b,C3NjC~,
`3URajc ϊ VЙзϺϊW ϊϊЙϮ
jR j@3 Bb?2 qRIj<3 0n3 jR cUnaCRnc RnjAR8AUIN3 j3LU3ajna3
<a0C3NjcY ?Rs3q3a. j@3w R$jCN30  cC<N ,@N<3 CN j@3 qRIj<3
$3js33N j@3 @Rj N0 j@3 ,RI0 cLUI3 3N0c L3cna30 j j@3 Tj
cjaCUY i@3 qRIj<3 sc UaRURajCRNI jR j@3 j3LU3ajna3 0C{3a3N,3
$nj j@3 cIRU3 R8 j@Cc UaRURajCRNICjw sc 0CccCLCIa $3js33N j@3
@Rj N0 j@3 ,RI0 cC03Y i@3w j3cj30 j@3 cL3 L3cna3L3Njc RN Tw
cLUI3c sCj@Rnj Tj RN jRU N0 R$jCN30  qRIj<3 UaRURajCRNI
jR j@3 j3LU3ajna3 0C{3a3N,3 sCj@ j@3 cL3 cC<N RN $Rj@ cLUI3
3N0c $nj IcR sCj@ 0C{3a3Nj cIRU3c j j@3 @Rj N0 j@3 ,RI0 3N0.
a3cU3,jCq3IwY i@3w R$c3aq30 j@3 cL3 $3@qCRna 8Ra +RИKNbC c
s3II c Tw ~ILcY 7naj@3aLRa3.  c3aC3c R8 j@C,G3a +RИKNbC cLA
UI3c c@Rs30 N CN,a3c3 R8 j@3 nNCNj3N030 M2Y i@3w ,RN,In030
j@j j@Cc sc 0n3 jR  cnU3aURcCjCRN R8  ibb2 s@C,@ c@Rsc 
cC<N a3q3acI N0 N M2 s@C,@ c@Rsc NR cC<N ,@N<3 CN j@3
qRIj<3 s@3N j@3 Tj cjaCU ,@N<3c 8aRL j@3 @Rj jR j@3 ,RI0 cC03Y
i@3w ,RnI0 NRj R$c3aq3  cC<NC~,Nj CNn3N,3 R8 j@3 @C<@ cUCN
URIaCyjCRN R8 +RИKNbC ,RLUa30 jR  ,RNq3NjCRNI 7K IIRw
ICG3 TwY
BN ЙзϺЕrN< 3j IYЎο a3URaj30 N jj3LUj jR c3Uaj3 j@3 M2
N0 ibb2 ,RNjaC$njCRNc $w L3cnaCN< N0 ,RLUaCN< TwgTwgTj
N0 TwgTjgTw cjan,jna3cY BN j@3 Ijj3a cjan,jna3 j@3w 3uU3,j30
j@j  URccC$I3 ibb2 sRnI0 ,N,3I Cjc3I8 Rnj $w ,RNjaC$njCRNc
8aRL j@3 jRU N0 $RjjRL Tw ~ILc s@C,@ c@RnI0 @q3 RUURcCj3
cC<NcY i@3w ,RnI0 R$c3aq3  ,I3a TM2 sCj@ $Rnj Ўϊ R8 j@3
L3cna30 qRIj<3Y BN a383a3N,3 L3cna3L3Njc j@3w 3cjCLj30
N M2 ,RNjaC$njCRN 0n3 jR N nNCNj3N030 RnjAR8AUIN3 j3LA
U3ajna3 <a0C3Nj R8 $Rnj ЙЎ. N0 j@3 a3LCNCN< Ϻз s3a3
jjaC$nj30 jR  URccC$I3 bb2Y ?Rs3q3a. j@3 nj@Rac s3a3 NRj $I3
jR jjaC$nj3 j@3c3 Ϻз nN3\nCqR,IIw jR j@3 ibb2Y Bj Cc q3aw ICG3Iw
j@j j@3 0C{3a3N,3 CN j@3 qRIj<3L3cna3L3Nj 8Ra j@3 ,RLUaCcRN
cLUI3c Cc  a3cnIj R8  Lnj$I3 RnjAR8AUIN3 j3LU3ajna3 <a0CA
3Nj R$jCN30 $w LRnNjCN< j@3 cLUI3c RN j@3 ,RUU3a @3j3ac. $w
0C{3a3Nj ,RNj,jCN< N0  a3cnIj R8 0C{3a3Nj cUCNALCuCN< ,RN0n,A
jN,3c R8 j@3 CNj3a8,3c 0n3 jR qaCjCRNc sCj@CN j@3 Ua3UajCRN
UaR,3ccY II j@Cc sCII $3 03c,aC$30 CN LRa3 03jCI CN j@3 8RIIRsCN<
3uU3aCL3NjI ,@Uj3acY 7naj@3aLRa3. s@3N j@Cc qRIj<3 ,RNjaCA
$njCRN ,N $3 jjaC$nj30 jR j@3 bb2 Cj sc NRj ,RLUI3j3Iw anI30
Rnj j@j Cj Cc <3N3aj30 $w j@3 RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj
s@C,@ IcR ,nc3c j@3 M2Y i@Cc Cc  0C{3a3Nj bb2 ,RN~<najCRN
s@C,@ sCII $3 03c,aC$30 CN j@3 N3uj c3,jCRNY
Hcj w3a. bC3<3I 3j IYЎϮ a3URaj30 ibb2 R$c3aqjCRNc CN #CA
vB;gTj $CIw3acY ?Rs3q3a. j@3w @q3 NRj c@RsN j@3 ,@a,j3aCcjC,
cC<N ,@N<3 $3js33N j@3 @Rj N0 ,RI0 cLUI3 cC03Y i@Cc sRnI0
ЕЙ
@q3 $33N CLURajNj 8Ra N nN3\nCqR,I jjaC$njCRN R8 j@3 3{3,j
jR j@3 ibb2Y Bj Cc @C<@Iw UaR$$I3 j@j j@3Ca R$c3aqjCRNc a3 0n3
jR nNCNj3N030 RnjAR8AUIN3 j3LU3ajna3 <a0C3NjcY
i@3 Ua3qCRncIw L3NjCRN30 Un$IC,jCRNc $w m,@C0 3j IYЋз 8Ra
ibb2 CNq3cjC<jCRNc RN TwgTj N0 vB;gTj. DsRacGC 3j IYЋϺ 8Ra CNA
q3cjC<jCRNc RN;KNcgTj N0 #Rcn 3j IYЋЙ 8Ra CNq3cjC<jCRNc RN
+RИKNbCgTj s3a3 R$jCN30 CN RNIw jsR 0C{3a3Nj c3jnUcYЋЕ i@3c3
Un$IC,jCRNc a3 j@3 RNIw a3URajc $Rnj j@3 bb2 CN j@3 ,RN~<naA
jCRN R8  jaNcq3ac3 L3cna30 qRIj<3 VCY3Y ibb2W j N 0E,3Nj
cUCN 03j3,jRa Lj3aCI sCj@ N CNAUIN3 j3LU3ajna3 <a0C3Nj
IRN< 0C{3a3Nj 7K Lj3aCIcY 7naj@3a a3URajc R8 L3cna3L3Njc
CN j@Cc ,RN~<najCRN s3a3 R$jCN30 CN j@3 cL3 <aRnUcY
i@3 ibb2 a3URaj30 $w m,@C0 3j IYЋз jja,j30 <a3j jj3NA
jCRN CN j@3 ,RLLnNCjC3c R8 cUCNjaRNC,c c s3II c j@3aLR3I3,jaC,
c,C3N,3Y i@3 @C<@ NnL$3a R8 ,CjjCRNc VRq3a ϊЕз cCN,3 ЙззοW ,RNE3,A
jna3c j@3 NnL$3a R8 <aRnUc CN j@3 sRaI0 s@R jaC30 jR a3UaR0n,3
j@3 a3cnIjc. ~acj R8 II CN Tw j@CN ~ILc sCj@ N 0E,3Nj Tj cjaCUY
BN i$Y Ϻ  ,RLUCIjCRN R8 II a3URajc Cc ICcj30 8Ra II jj3LUjc jR
a3UaR0n,3 j@3 L3cna3L3Njc 8aRL j@3 ~acj a3URajc R8 j@3 ibb2
CN 0C{3a3Nj Lj3aCI cwcj3LcY Q8 ,Rnac3. j@Cc ICcj RNIw a3<a0c jA
j3LUjc s@C,@ s3a3 Un$ICc@30 8j3asa0cY ?Rs3q3a. j@3 NnL$3a
R8 0C{3a3Nj <aRnUc N0 c3jnUc c@Rsc @Rs LNw U@wcC,Ccjc jRRG
N RUURcCj3 URCNj R8 qC3s RN j@3 R$c3aq30 a3cnIjcY
HRN<Cjn0CNI cUCN b33$3,G 3{3,j
i@3 0qNj<3 R8 L<N3jC, CNcnIjRasCj@ NR 8a33 ,@a<3 ,aaC3ac
sc nc30 $w m,@C0 3j IYЋϊ CN ЙзϺз jR CNq3cjC<j3 j@3 bb2 CN  c3,A
RN0 ,RN~<najCRNY i@3 L<N3jC, CNcnIjRa vB; sc ,RLUI3j3Iw
,Rq3a30 $w  j@CN Tj Iw3aY i@Cc $CIw3a sc cN0sC,@30 $3js33N
 @3j $j@ N0  @3j cCNGY i@3w ,RnI0 a3URaj j@j N UUIC30
RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj 0aCq3c  UaII3I cUCN ,naa3Nj
sCj@  cUCN RaC3NjjCRN ,RNjaRII30 $w N 3uj3aNI L<N3jC, ~3I0
s@C,@ Cc UUIC30 CN j@3 cLUI3 UIN3Y i@Cc cUCN ,naa3Nj 3Nj3ac
j@3 Tj Iw3a N0 Cc ,RNq3aj30 CNjR  L3cna$I3 qRIj<3 0n3 jR
j@3 Bb?2Y i@3 8,j j@j j@3 03j3,j30 cUCN ,naa3Nj Cc UaII3I jR
j@3 j3LU3ajna3 <a0C3Nj Cc s@w Cj Cc ,II30 j@3 IRN<Cjn0CNI bb2Y
i@3 cUCN b33$3,G 3{3,j CN j@Cc ,RN~<najCRN sCII $3 ,II30 j@3
Hbb2 CN j@3 8RIIRsCN<Y i@3 j@3Raw $w tCR 3j IYЋχ ,N $3 0RUj30
8Ra j@3 Hbb2Y ?3a3. j@3 3uUINjCRN R8 j@3 0aCqCN< 8Ra,3 <Cq3N
$w j@3 0C{3a3N,3 $3js33N j@3 L<NRN j3LU3ajna3 CN j@3 7K
N0 j@3 3I3,jaRN j3LU3ajna3 CN j@3 MK Cc LRa3 CNjnCjCq3 8Ra 
IRN<Cjn0CNIIw <3N3aj30 cUCN ,naa3NjY
Ћз FY m,@C0 3j IY Mjna3
ϊχχ VЙззοW ЋЋο
ЋϺ +Y KY DsRacGC 3j IY MA
jna3 Kj3aCIc Ϯ VЙзϺзW οϮο
ЋЙ bY #Rcn 3j IY T@wcC,I
`3qC3s # οЕ VЙзϺϺW ЙЙϊϊзϺ
ЋЕ #Rcn 3j IY N0 m,@C0
3j IY R$jCN30 j@3Ca a3cnIjc
CN j@3 cL3 c3jnU 8Ra bb2
L3cna3L3NjcY
Ћϊ FY m,@C0 3j IY UUIC30
T@wcC,c H3jj3ac ϮЋ VЙзϺзW
ϺЋЙχзχ
Ћχ DY tCR 3j IY T@wcC,I
`3qC3s # οϺ VЙзϺзW ЙϺϊϊϺο
ЕЕ
ЋЎ FY m,@C0 3j IY T@wcC,I
`3qC3s # οЋ VЙзϺЕW ϺзϊϊϺЙd
FY m,@C0 3j IY UUIC30
T@wcC,c H3jj3ac ϮЋ VЙзϺзW
ЙЎЙχзϊ
ЋЋ KY r3CI3a 3j IY T@wcC,I
`3qC3s H3jj3ac Ϻзο VЙзϺЙW
ϺзЎЎзЙ
Ћο KY b,@a3C3a 3j IY UUIC30
T@wcC,c H3jj3ac ϺзЕ VЙзϺЕW
ЙϊЙϊзϊ
ЋϮ KY b,@a3C3a 3j IY DRnaA
NI R8 T@wcC,c /- UUIC30
T@wcC,c VЙзϺϊW зЙχззϺ
οз KY <asI 3j IY T@wcC,I
`3qC3s # οϮ VЙзϺϊW ЙЙϊϊϺϊ
Ij@Rn<@. j@3 ibb2 Cc <3N3aIIw ,RNjaRq3acCIIw 0Cc,ncc30. CN
83aaRL<N3jC, L3jIc ICG3 Tw c s3II c CN L<N3jC, CNcnIjRac
ICG3 vB;. j@3 Hbb2 ,RN~<najCRN Cc NRs s3II 3cj$ICc@30 N0
sc a3UaR0n,30 $w LNw <aRnUcY Bj sc IcR R$c3aq30 CN LNw
0C{3a3Nj <aN3jc N0 83aaCj3cs@C,@ c3aq30 c L<N3jC, CNcnIjRa
Lj3aCI V3Y<Y m,@C0 3j IYЋЎWY
i@3a3 a3 0C{3a3Nj L3j@R0c R8 @3jCN< s@C,@ ,N $3 nc30 jR
<3N3aj3 N RnjAR8AUIN3 j3LU3ajna3 <a0C3NjY BN ЙзϺЙ. r3CI3a 3j
IYЋЋ Ua3c3Nj30 j@3 Hbb2 CN vB;gTj sCj@  Ic3a @3jCN< j3,@NC\n3
CNcj30 R8 ,RUU3a $IR,G @3jCN<Y i@3 Ic3aAcURj sCj@  0CL3j3a
R8 ϺзƧL c,NN30 j@3 IN0c,U3 R8 j@3 ?IIA$a Ujj3aN30 vB;gTj
$CIw3aY NRj@3a @3jCN< L3j@R0 sc CNjaR0n,30 $w b,@a3C3a 3j
IYЋο CN ЙзϺЕY i@3w nc30  ,@a<3 ,naa3Nj j@aRn<@ j@3 Tj Iw3a 8Ra
@3jCN< j@3 cLUI3Y  @3j cCNG j j@3 $RjjRL 3Ncna30 j@3 <3N3aA
jCRN R8 N RnjAR8AUIN3 j3LU3ajna3 <a0C3NjY ?Rs3q3a.  Ia<3
,RNjaC$njCRN R8 N nNCNj3N030 cC03 3{3,j s@C,@ sc cwLL3jaC,
sCj@ a3cU3,j jR j@3 L<N3jC, ~3I0 @0 jR $3 0Cc3NjN<I30Y i@3 cRA
InjCRN sc  a3q3acI R8 j@3 ,@a<3 ,naa3Nj j@aRn<@ j@3 TjY  cC<N
a3q3acI R8 j@3 cwLL3jaC, ,RNjaC$njCRN ,RnI0 $3 R$c3aq30. $nj j@3
Hbb2 G3Uj Cjc cC<N s@CI3 j@3 0Ca3,jCRN R8 j@3 j3LU3ajna3 <a0C3Nj
0C0 NRj ,@N<3Y i@3 cwLL3jaC, ,RNjaC$njCRN sc ccnL30 jR $3
j@3 bK` 3{3,jY i@Cc ,RNjaC$njCRN ,RnI0 $3 a3LRq30 $w jGCN<
j@3 cnL R8 $Rj@ ,@a<3 ,naa3Nj 0Ca3,jCRNcY i@3 a3LCNCN< qRIj<3
sc j@3 Hbb2 ,RNjaC$njCRNY
 ,RLLnNCjw R8 8Rna <aRnUc 0C0 Hbb2 c s3II c 7K` cUCN
UnLUCN< 3uU3aCL3Njc RN cCLCIa vB;gTj cLUI3c jR ,RLUa3 j@3
cC<N R8 j@3Ca a3cnIjc $w ncCN< j@3 cL3 ,RNq3NjCRN R8 q3,jRa 0Ca3,A
jCRNc 8Ra j@3Ca L3cna3L3Nj ,RN~<najCRN Vj3LU3ajna3 <a0C3Nj.
3uj3aNI L<N3jC, ~3I0 N0 j@3 URIaCcjCRN R8 j@3 LnIjCL3j3aWY
i@3 sRaG R8 b,@a3C3a 3j IYЋϮ @c c@RsN j@j j@3 cC<N sc 3\nI
$3js33N II <aRnUc 8Ra j@3 Bb?2 qRIj<3 R$c3aq30 CN Hbb2 N0
7K` cUCN UnLUCN< 3uU3aCL3Njc. a3cU3,jCq3IwY 8j3asa0c. j@3w
03~N30 j@3 cUCN ?II N<I3 R8 Tj sCj@  URcCjCq3 cC<N jR 03,C03
$3js33N Lj3aCIc sCj@ URcCjCq3 V3Y<Y TjW N0 N3<jCq3 V3Y<Y iW
cUCN ?II N<I3c CN j@3 8njna3 ICj3ajna3Y
7Ra j@3 CNq3cjC<jCRN R8 j@3 jCL3 N0 I3N<j@ c,I3c R8 j@3 <3NA
3aj30 cUCN ,naa3Nj <asI 3j IYοз Ua3c3Nj30 jCL3 a3cRIq30 Hbb2
L3cna3L3NjcY i@3w nc30  ЎЋƧL j@C,G vB; ~IL sCj@  Ϻз NL
j@CN Tj Iw3a RN jRU N0 8RnN0  0C{ncCRN I3N<j@ R8 $Rnj χзз NL
8Ra j@3aLI L<NRNc s@C,@ UaRU<j3 CNjR j@3 TjY i@3w nc30
 LR0nIj30 Ic3a $3L jR @3j nU j@3 cLUI3 8aRL $Rq3 N0
 @3j cCNG $3IRs j@3 cLUI3 3Ncna30 j@3 <3N3ajCRN R8 N RnjA
R8AUIN3 j3LU3ajna3 <a0C3NjY i@3w LRNCjRa30 j@3 3qRInjCRN
Еϊ
jCL3 R8 j@3 Hbb2 cC<NI N0 R$c3aq30 j@j j@3 3{3,j aCc3c CN j@3
~acj LC,aRc3,RN0Y /n3 jR j@3 8,j j@j j@Cc aCcCN< jCL3 Cc 0C{3a3Nj
8aRL j@3 aCcCN< jCL3 R8 j@3 Ic3a VЙзз NcW N0 j@3 aCcCN< jCL3 R8 j@3
j3LU3ajna3 <a0C3Nj Rq3a j@3 CNj3a8,3 VЙз NcW j@3w ,RN,In030
j@j j@3 Hbb2 Cc  cnL R8 N CNj3a8,3 N0  $nIG ,RNjaC$njCRNY
i@3 CNj3a8,3 ,RNjaC$njCRN ,RL3c 8aRL j@3 0C{3a3N,3 $3js33N
j@3 L<NRN j3LU3ajna3 ܇L CN j@3 7K Iw3a N0 j@3 3I3,jaRN
j3LU3ajna3 ܇3 CN j@3 MK Iw3aY i@3 $nIG ,RNjaC$njCRN. @Rs3q3a.
,RL3c 8aRL j@3aLIIw 3u,Cj30 L<NRNc <3N3aj30 CN j@3 s@RI3
7K ~ILY i@3 cnL R8 $Rj@ ,RNjaC$njCRNc Cc 03c,aC$30 $w <asI
3j IYοз c
܉Hbb2
ܠ ˰ ঢೋ଑থܑ ˚܇ܥ
ܥ ܠܑܥ  ণೋܘ଑ ˚܇ܥ
ܥ ܠ 3uU ധ˥ܥۿ പܑܥ VЕзW
sCj@ j@3 RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj ˚܇ܥ. j@3 j@C,GN3ccܘ R8 j@3 7K Iw3a. j@3 3{3,jCq3 L<NRN 0C{ncCRN I3N<j@ ۿ N0
j@3 3{3,jCq3 j@C,GN3cc থܑ R8 j@3 CNj3a8,3Y ?3a3. ঢ Cc  UaL3j3a
8Ra L<NRNA3I3,jaRN ,RnUICN< $3js33N j@3 7K N0 MK Iw3a
N0 ণ Cc  UaL3j3a 8Ra j@3 L<NRNAL<NRN CNj3a,jCRN CN j@3
7K Iw3aY 8j3a j@j. j@3w 3uja,j30 N CNjaCNcC, jCL3 3qRInjCRN
,RNcjNj R8 $Rnj ЕϊЕ Nc 8Ra j@3 Hbb2 $c30 RN cCLnIjCRNc R8 j@3
j3LU3ajna3 <a0C3Nj 3qRInjCRN CN j@3 cLUI3Y
`Rc,@3scGw 3j IYοϺ s3a3 IcR $I3 jR a3URaj jCL3 a3cRIq30
Hbb2 L3cna3L3Njc. $nj RN j@CNN3a vB;Vܠ  Ўχ NLWgTjVܠ 
ЙзNLW $CIw3acY i@3w ,RnI0 NRj q3aC8w j@3 L<NRN 0C{ncCRN
I3N<j@ a3URaj30 $w <asI 3j IYοз 0n3 jR j@3Ca j@CNN3a vB; ~ILc.
$nj j@3w @q3 c@RsN $w IR,GACN L3cna3L3Njc sCj@ LR0nIjCRN
8a3\n3N,C3c nU jR ЕзK?y j@j j@3a3 Cc NR 03,w R8 j@3 bb2 8Ra
jCL3c Ia<3a j@N χ NcY i@3 03qCjCRN CN j@3 L<NRN 0C{ncCRN
I3N<j@ R8 χзз NL a3URaj30 $w <asI 3j IYοз N0 ϺϺз NL a3A
URaj30 $w F3@I$3a<3a 3j IYοЙ ,N $3 3uUICN30 $w j@3Ca 0C{3a3Nj
L3cna3L3Nj L3j@R0c. j@3 cLUI3 j@C,GN3cc3c N0 cLUI3 UaRUA
3ajC3c ICG3 0C{3a3Nj L<N3jC, 0LUCN< R8 j@3 vB; N0 0C{3a3Nj
CNj3a8,3 ,RN0CjCRNcY
`3,3NjIw. j@3a3 s3a3 CNq3cjC<jCRNc a3URaj30 $w ;3Ua¡<c 3j
IYοЕ RN j@3 L<N3jC, CNcnIjRa ;0Д73φQϹИ V;B;W s@C,@ Cc ,IRc3Iw
a3Ij30 jR vB;Y ?Rs3q3a. ;B; c@Rsc  q3aw CNj3a3cjCN< j3LU3aA
jna3 03U3N03Nj $3@qCRna R8 j@3 L<N3jCyjCRNY BNcj30 R8
j@3 NRNAL<N3jC, wjjaCnL CN vB; Cj sc a3UI,30 $w <0RICNA
CnL s@C,@ Cc 83aaRL<N3jC, j j3LU3ajna3c $3IRs ЙϮзFY i@3
<0RICNCnL ,RNjaC$nj3c  L<N3jC, cn$IjjC,3 jR j@3 jsRL<N3jC,
CaRN cn$IjjC,3cY i@3 L<N3jCyjCRN R8 j@3 <0RICNCnL cn$IjjC,3
Cc j3LU3ajna3 03U3N03NjY i@3a38Ra3. ;B; c@Rsc  ,RLU3NcjCRN
οϺ MY `Rc,@3scGw 3j IY
UUIC30 T@wcC,c H3jj3ac Ϻзϊ
VЙзϺϊW ЙзЙϊϺз
οЙ Y F3@I$3a<3a 3j IY
atCqYRa< VЙзϺЕWY atCq-
SkzfYze4:qS
οЕ bY ;3Ua¡<c 3j IY atCqYRa<
VЙзϺϊWY atCq- S:z9 Y
:OeSqS
Еχ
οϊ vY Q@NnL 3j IY T@wcC,I
`3qC3s # οЋ VЙзϺЕW зϺϊϊЙЕ
URCNj s@3a3 j@3 N3j L<N3jCyjCRN R8 j@3 cnL R8 II cn$IjjC,3c Cc
y3aRY #3IRs j@Cc ,RLU3NcjCRN URCNj j@3 N3j L<N3jCyjCRN R8 j@3
;B; aCc3c <CN 0n3 jR CN,a3cCN< L<N3jCyjCRN CN j@3 <0RICNA
CnL cn$IjjC,3 j IRs3a j3LU3ajna3cY #3IRs j@3 ,RLU3NcjCRN
URCNj j@3 L<N3jCyjCRN Cc IC<N30 NjCUaII3I jR j@3 L<N3jCA
yjCRN $Rq3 j@3 ,RLU3NcjCRN URCNjY ?Rs3q3a. CN N 3uj3aNI
L<N3jC, ~3I0 Cj ,N $3 IC<N30 UaII3I jR ǖۻ j $Rq3 N0 $3IRs
j@Cc ,RLU3NcjCRN URCNjY 7Cacj j@3Ra3jC,I C03c $Rnj j@3 Hbb2
CN NjC83aaRL<N3jc N0 ,RLU3Ncj30 83aaCL<N3jc s3a3 Un$A
ICc@30 $w Q@NnL 3j IYοϊ CN ЙзϺЕY i@3w <q3 aCc3 jR j@3 \n3cjCRN
s@3j@3a 3,@ L<N3jC, cn$IjjC,3 0aCq3c  cUCN ,naa3Nj <3N3aj30
$w j@3 Hbb2 Ra s@3j@3a j@3 N3j L<N3jCyjCRN 0aCq3c RNIw RN3
cUCN ,naa3NjY BN ;B; j@3 cUCN ,naa3Nj Cc Ua3c3Nj30 $w j@3aLIIw
3u,Cj30L<NRNc CN j@3L<N3jC, N0 CNcnIjCN<Lj3aCIY ,,Ra0A
CN< jR j@3 a3URaj $w ;3Ua¡<c 3j IY j@3w U3a8RaL30 3uU3aCL3Njc
CN03U3N03NjIw CN jsR <aRnUc N0 jsR c3jnUc sCj@ jsR cCLCIa
cLUI3c s@C,@ s3a3 IcR Ua3Ua30 CN03U3N03NjIwY i@3w cnaUaCcA
CN<Iw R$c3aq30 jsR ,@N<3c CN cC<N R8 j@3 L3cna30 Bb?2 qRIj<3
CNcj30 R8 RNIw RN3. s@C,@ j@3w @0 3uU3,j30. s@CI3 j@3 L<N3A
jCyjCRN c@Rsc RNIw RN3 ,RLU3NcjCRN URCNj CN j@3 aN<3 R8 j@3
j3LU3ajna3 CNq3cjC<j30Y i@3a3 Cc NR ,I3a 3uUINjCRN nU jR NRs.
$nj cn<<3cjCRNc I30 jR  ;0A;0A3u,@N<3 aRnN0 οзF s@3a3
j@3 c3,RN0 cC<N a3q3acI ,N $3 R$c3aq30Y ?Rs3q3a. j@3 a3cnIjc
<Cq3 aCc3 jR j@3 ,RN,IncCRN j@j j@3 R$c3aq30 cUCN ,naa3Njc 0n3
jR j@3 Hbb2 CN j@3 83aaCL<N3j CNq3cjC<j30 0R NRj LCaaRa j@3 N3j
L<N3jCyjCRNY i@3a38Ra3. CNq3cjC<jCRN RN Rj@3a <aN3jc s@C,@
IcR c@Rs ,RLU3NcjCRN URCNjc CN j@3Ca 83aaCL<N3jC, $3@qCRna
sCII $3,RL3 q3aw CNj3a3cjCN< CN qC3s R8 8naj@3a CNq3cjC<jCRN R8
L<N3jC, cn$IjjC,3cY BN <3N3aI. j@3 Hbb2 c  j3,@NC\n3 R8 CNA
q3cjC<jCN< L<N3jC, cn$IjjC,3c a3Ua3c3Njc  $a3Gj@aRn<@ CN
j@3 a3c3a,@ R8 L<N3jC, Lj3aCIc s@C,@ RU3Nc  N3s ~3I0 R8
a3c3a,@Y
K<N3jC, UaRuCLCjw 3{3,j CN L<N3jC, CNcnIjRag
Tj $CIw3ac
7naj@3a. s3 sRnI0 ICG3 jR 0Cc,ncc j@3 Cccn3 R8 cUCN URIaCyjCRN j
j@3 CNj3a8,3 R8 L<N3jC, CNcnIjRagTj $CIw3a cwcj3LcY i@Cc Cccn3
Cc RN3 R8 j@3 LRcj ,aCjC,I UaR$I3Lc. s@C,@ Cc IcR ,RNjaRq3acCIIw
0Cc,ncc30 CN j@3 a3,3Nj ICj3ajna3 $Rnj bb2 CNq3cjC<jCRNc. s@3N
Tj Cc nc30 c  cUCN 03j3,jRaY Bj Cc RN3 R8 j@3 LRcj URUnIa cUCN
03j3,jRa Lj3aCIc s@C,@ Cc GNRsN c  @3qw L3jI sCj@  a3IA
ЕЎ
jCq3Iw @C<@ cUCN Ra$Cj ,RnUICN<Y 7naj@3aLRa3. j@3 03URcCjCRN R8 Tj
Cc  q3aw cCLUI3 cj3U CN j@3 s@RI3 cLUI3 Ua3UajCRN ,RLUa30
jR ,RLURnN0c sCj@ Ia<3a Ua30C,j30 cUCN ?II N<I3cY ?Rs3q3a.
j@3 a3URaj30 cUCN ?II N<I3c R8 Tj aN<3 8aRL ззϺЙ o зззЙ a3A
URaj30 $w 73N< 3j IYοχ. R$jCN30 CN cUCN UnLUCN< 3uU3aCL3Njc.
N0 зϺϺ o ззο a3URaj30 $w Ij@LL3a 3j IYοЎ. ,@C3q30 $w bK`
3uU3aCL3NjcY M3q3aj@3I3cc. cUCN 0C{ncCRN I3N<j@c qaw 8aRL
οЕ o зϮNL jR 
Ϻχ o зχNL. a3cU3,jCq3IwY  q3aw j@CN Tj Iw3a
CN j@3 aN<3 R8 Ϻ Ģ Ϻз NL Cc cn|,C3Nj 8Ra cUCN 03j3,jCRNY
Tj N3aIw 8nI~IIc j@3 bjRN3a ,aCj3aCRN 8Ra 83aaRL<N3jC, Ra03aA
CN<YοЋ i@3 UaR0n,j R8 j@3 3u,@N<3 ,RnUICN< ۽ N0 j@3 03NcCjw R8
cjj3c j j@3 73aLC 3N3a<w ܁
۸۹ c@RnI0 cjCc8w۽܁
۸۹   VЕϺW
7Ra Tj j@3 03NcCjw R8 cjj3c j j@3 73aLC 3N3a<w 3u@C$Cjc  a3IjCq3Iw
Ia<3 qIn3 R8 ̛ϺЋϊ cjj3c3pcUCNYοο r@3N Tj ,RL3c CNjR ,RNj,j
sCj@  83aaRL<N3jC, Lj3aCI. j@3 ~acj LRNRIw3ac ,N $3,RL3
cUCN URIaCy30Y bUCN URIaCy30 Tj ,RnI0 $3 R$c3aq30 CN MCgTj N0
73gTj LnIjCIw3ac sCj@ L<N3jC, LRL3Njc R8 $Rnj зЙ #jRL
N0 зχ #jRL. a3cU3,jCq3IwYοϮ i@3 L3cna3L3Nj j3,@NC\n3 jwUA
C,IIw nc30 8Ra j@3 CNq3cjC<jCRN R8 L<N3jC, LRL3Njc Cc uAaw
L<N3jC, ,Ca,nIa 0C,@aRCcL VtK+/W s@C,@ sc Ua3c3Nj30 $w
b,@ɫjy 3j IYϮз CN ϺϮοЋ V,8Y /3 ;aRRjϮϺWY BN tK+/ j@3 0C{3a3N,3
CN j@3 $cRaUjCRN R8 I38jA N0 aC<@jA,Ca,nIa URIaCy30 IC<@j sCj@
j@3 3I3L3Nj cU3,C~, $cRaUjCRN 3N3a<w <Cq3c CN8RaLjCRN $Rnj
j@3 L<N3jC, LRL3Nj CN j@3 CNq3cjC<j30 3I3L3NjY ?Rs3q3a. j@3
R$c3aq30 L<N3jC, LRL3Nj Cc  L3N qIn3 8Ra j@3 s@RI3 CNq3cA
jC<j30 ~IL s@C,@ LG3c Cj 0C|,nIj jR L3cna3 cUCN URIaCyjCRN
j j@3 CNj3a8,3 R8  $CIw3a cwcj3LY i@Cc 0C|,nIjw Cc a33,j30 CN
j@3 a3,3Nj 0Cc,nccCRN jaC<<3a30 $w j@3 a3URajc R8 ;3Ua¡<c 3j IYϮЙ
s@R 0C0 NRj R$c3aq3 Nw 3qC03N,3 R8  L<N3jC, UaRuCLCjw 3{3,j
CN vB;gTj N0 Hn 3j IYϮЕ. s@R 03j3,j30  cUCN URIaCyjCRN R8
j@3 Tj j j@3 CNj3a8,3Y #Rj@ URcCjCRNc a3 cnUURaj30 $w tK+/
L3cna3L3NjcY
 LRa3 $3N3~,CI L3j@R0 8Ra j@Cc Cccn3 Cc uAaw a3cRNNj L<A
N3jC, a33,jCqCjw Vt`K`W Ua3c3Nj30 $w ;3CccI3a 3j IYϮϊ CN ЙззϺ
RN +RgTj $CIw3ac V,8Y K,G3 N0 ;R3aCN<ϮχWY BN ,RNq3NjCRNI
uAaw a33,jRL3jaw Vt``W L3cna3L3Njc j@3 CNj3a83a3N,3 R8 j@3
CN,C03Nj $3L N0 j@3 a33,j30 $3L j j@3 cna8,3 N0 j@3 CNj3aA
8,3c Cc nc30 jR 03j3aLCN3 j@3 ~IL j@C,GN3cc3c R8 j@3 Iw3ac N0
j@3 cna8,3 aRn<@N3ccY BN t`K` j@3 CN,C03Nj $3L Cc I38j Ra aC<@j
,Ca,nIa URIaCy30 s@C,@ <Cq3c aCc3 jR 0C,@aRCcL C8 j@3 CNq3cjCA
<j30 3I3L3Nj Cc cUCN URIaCy30Y i@3 R$c3aq30 L<N3jC, LRL3Nj
οχ xY 73N< 3j IY T@wcC,I
`3qC3s # οχ VЙзϺЙW ЙϺϊϊЙЕ
οЎ KY Ij@LL3a 3j IY T@wcA
C,I `3qC3s # οЋ VЙзϺЕW
ЙЙϊϊзϺ
οЋ 2Y +Y bjRN3aY BN- TaR,330A
CN<c R8 j@3 `RwI bR,C3jw R8
HRN0RNY b3aC3c Y ϺϮЕο ЕЋЙ
οο ;Y vY ;nR 3j IY T@wcC,I
`3qC3s # οϮ VЙзϺϊW ЙϺϊϊзЎ
οϮ 7Y rCI@3IL 3j IY T@wcC,I
`3qC3s H3jj3ac οχ VЙзззW
ϊϺЕd rY DY Nj3I 3j IY T@wcCA
,I `3qC3s # Ўз VϺϮϮϮW ϺЙϮЕЕ
Ϯз ;Y b,@ɫjy 3j IY T@wcC,I
`3qC3s H3jj3ac χο VϺϮοЋW ЋЕЋ
ϮϺ 7Y KY 7Y /3 ;aRRjY DRnaNI
R8 3I3,jaRN cU3,jaRc,RUw
N0 a3Ij30 U@3NRL3N ЎЋ
VϺϮϮϊW Ϯϊ
ϮЙ bY ;3Ua¡<c 3j IY UUIC30
T@wcC,c H3jj3ac ϺзϺ VЙзϺЙW
ЙЎЙϊзЋ
ϮЕ vY KY Hn 3j IY T@wcC,I
`3qC3s H3jj3ac ϺϺз VЙзϺЕW
ϺϊЋЙзЋ
Ϯϊ DY ;3CccI3a 3j IY T@wcC,I
`3qC3s # Ўχ VЙззϺW зЙзϊзχ
Ϯχ bY K,G3 N0 2Y ;R3aCN<Y
DRnaNI R8 T@wcC,c- +RNA
03Nc30 Kjj3a ЙЎ VЙзϺϊW
ЕЎЕЙзϺ
ЕЋ
ϮЎ iY Fnc,@3I 3j IY T@wcC,I
`3qC3s H3jj3ac ϺϺχ VЙзϺχW
зϮЋϊзϺ
ϮЋ KY b,@a3C3a 3j IY T@wcC,I
`3qC3s # οο VЙзϺЕW зϮϊϊϺз
Ϯο KY r3CI3a 3j IY T@wcC,I
`3qC3s H3jj3ac Ϻзο VЙзϺЙW
ϺзЎЎзЙ
ϮϮ iY FCGGs 3j IY T@wcC,I
`3qC3s H3jj3ac ϺϺз VЙзϺЕW
зЎЋЙзЋ
Ϻзз /Y K3C3a 3j IY T@wcC,I
`3qC3s # οο VЙзϺЕW ϺοϊϊЙχ
ϺзϺ KY b,@LC0 3j IY T@wcC,I
`3qC3s H3jj3ac ϺϺϺ VЙзϺЕW
ϺοЋЙзϺ
Cc j@C,GN3cc CN03U3N03Nj N0 RNIw a3<a0c j@3 cUCN URIaCyjCRN
j j@3 CNj3a8,3Y 7Ra j@Cc a3cRN s3 CNq3cjC<j30 j@3 CNj3a8,3 R8
7KgTj $CIw3a cwcj3Lc V3Y<Y MC73ИQωgTjW sCj@ t`K` jR 03j3aA
LCN3  URccC$I3 cUCN URIaCyjCRN R8 j@3 Tj ~IL j j@3 CNj3a8,3 jR
,RNcC03a UaRuCLCjw M3aNcj 3{3,jc CN Rna jaNcURaj L3cna3L3NjcY
i@3 a3cnIjc a3 Ua3c3Nj30 CN LRa3 03jCI $w Fnc,@3I 3j IYϮЎY i@3
,RN,IncCRN 8aRL j@3c3 CNq3cjC<jCRNc Cc j@j  URccC$I3 L<N3jC,
LRL3Nj R8 Tj Cc $3IRs j@3 L3cna3L3Nj c3NcCjCqCjw ICLCj V3Y<Y ভ۵ U3a Tj jRL CN MC73ИQωgTj $CIw3acWY ?Rs3q3a. ,I,nIA
jCRNc $w b,@a3C3a 3j IYϮЋ N0 r3CI3a 3j IYϮο 8Ra vB;gTj CN0C,j3
j@j Tj c@RnI0 @q3 N NRLIRnc M3aNcj ,R3|,C3Nj j@a33 RaA
03ac R8 L<NCjn03 Ia<3a j@N MC 3q3N s@3N  ,RLUI3j3Iw cUCN
URIaCy30 Tj ~IL Cc ccnL30 s@C,@ sRnI0 $3 3uja3L3Iw Ia<3Y
7naj@3aLRa3. FCGGs 3j IYϮϮ @q3 c@RsN j@j  URccC$I3 M2
,RNjaC$njCRN 0n3 jR L<N3jC, UaRuCLCjw 3{3,jc Cc N3<IC<C$Iw cLII
,RLUa30 jR j@3 R$c3aq30 Hbb2 cC<NIY
bC03 3{3,jc CN bb2 L3cna3L3Njc
i@3 Rq3aqC3s R8 j@3 bb2 <Cq3N cR 8a a3Ua3c3Njc j@3 $3<CNNCN<
R8 j@Cc j@3cCcY r3 CNq3cjC<j30 j@3 ibb2 c s3II c j@3 Hbb2 CN
II GCN0 R8 7K cwcj3Lc A L3jIc. Lj3aCIc sCj@ c3LC,RN0n,jCN<
UaRU3ajC3c. CNcnIjRacY 7Ra 7K L3jIc s3 sCII Ua3c3Nj j@3 a3cnIjc
Ia30w Un$ICc@30YϺзз i@Cc sCII $3 cnUUI3L3Nj30 $w Rna ,RII$RA
ajRac sRaG CN ,RII$RajCRN sCj@ b,@LC0 3j 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i$I3 Ϻ- Tn$IC,jCRNc RN ibb2 3uU3aCL3Njc CN 0C{3a3Nj Lj3aCIcY +RLUaCcRN $3js33N j@3 ~acj a3URajc N0 a3URajc
sCj@ NR ibb2 CN cCLCIa 3uU3aCL3NjcY
Еο
j@3 a3,3Nj w3acY r3 sCII 0Cc,ncc j@3c3 a3URajc N0 ,RLUa3 j@3Ca
a3cnIjc sCj@ Rna R$c3aqjCRNcY 7Ra c3LC,RN0n,jRac bRI0jRq 3j
IYϺзЙ Encj a3,3NjIw Ua3c3Nj30  UU3a 8Ra ;KNc N0 0C0 NRj
R$c3aq3  ibb2 3Cj@3aY BNcj30. j@3w IcR R$c3aq30 nNCNj3N030
M3aNcj 3{3,jcY 7Ra ibb2 L3cna3L3Njc CN L<N3jC, CNcnIjRac
ICG3 vB; m,@C0 N0 ,RAsRaG3ac s3a3 j@3 RNIw U3RUI3 s@R a3A
URaj30 N R$c3aqjCRNY BN Rna RsNsRaG. s3 c3j  8naj@3a 8R,nc RN
L<N3jC, CNcnIjRac $3,nc3 M3aNcj 3{3,jc a3 cnUUa3cc30 0n3
jR j@3 $c3N,3 R8 8a33 ,@a<3 ,aaC3acYϺзЕ 7naj@3aLRa3. s3 @q3 jR
,RNcC03a j@3 URccC$CICjw R8 L<N3jC, UaRuCLCjw 3{3,jc CN Tj s@3N
Cj Cc CN ,RNj,j sCj@  7K Iw3aY Tj Cc N3a j@3 bjRN3a ,aCj3aCRN
R8  83aaRL<N3jY i@Cc ,N I30 jR cUCN URIaCyjCRN R8 j@3 Tj j
j@3 CNj3a8,3Y i@Cc a3cnIjc CN L<N3jC, UaRuCLCjw CN0n,30 M3aNcj
3{3,jc s@C,@ sCII $3 ,II30 UaRuCLCjw M3aNcj 3{3,jc VNRLIRnc
M3aNcj c s3II c UINa M3aNcjWY
BN 7C<Y Ϻϊ $Rj@ bb2 ,RN~<najCRNc a3 c@RsN- RN j@3 RN3 @N0
j@3 jaNcq3ac3 ,RN~<najCRN sCj@  j3LU3ajna3 <a0C3Nj ˚܇ jwUA
C,IIw IC<N30 CN j@3 ~IL UIN3 V7C<Y Ϻϊ VWW N0 RN j@3 Rj@3a @N0
j@3 IRN<Cjn0CNI ,RN~<najCRN sCj@ ˚܇ jwUC,IIw IC<N30 RnjAR8A
ϺзЙ BY pY bRI0jRq 3j IY T@wcA
C,I `3qC3s # Ϯз VЙзϺϊW
ϺзϊϊЙЕ




























































































7C<na3 Ϻϊ- bnLLaw R8 3{3,jc CN bb2 3uU3aCL3Njc 8Ra 7KKgMK N0 7KBgMK
$CIw3ac N0 <Cq3N cwLL3jaw sCj@ a3cU3,j jR j@3 3uj3aNI L<N3jC, CNAUIN3 ~3I0ۻ 8Ra NjCcwLL3jaC, L<N3jCyjCRN a3q3acI UaR,3cc3cY VW Tna3 CNAUIN3 ˚܇
8Ra ibb2 L3cna3L3NjcY V$W Tna3 RnjAR8AUIN3 ˚܇ 8Ra Hbb2 L3cna3L3NjcY V,W
BNAUIN3 N0 nNCNj3N030 RnjAR8AUIN3 ˚܇ Y
ЕϮ
UIN3 V7C<Y Ϻϊ V$WWY BN $Rj@ ,RN~<najCRNc j@3 3uj3aNI L<N3jC,
~3I0 ۻ IC3c CN j@3 ~IL UIN3Y i@3 Bb?2 qRIj<3 Cc L3cna30
U3aU3N0C,nIaIw jR ۻ CN $Rj@ ,c3cY 7Ra j@3 jaNcq3ac3 ,RN~<naA
jCRN j@3 MK Iw3a Cc ICLCj30 jR  cjaCU s@C,@ Cc IR,j30 N3a j@3
30<3 R8 j@3 7K Iw3a. s@3a3c j@3 MK Iw3a CN j@3 IRN<Cjn0CNI
,RN~<najCRN ,N ,Rq3a j@3 7K Iw3a ,RLUI3j3IwY
i@3 3{3,j yRR s3 @q3 ,RNcC03a30 CN Rna a3c3a,@ RN 7KgMK
$CIw3a cwcj3Lc Cc ICcj30 CN 7C<Y Ϻϊ N0 ,R030 $w  ,RIRna30 c,@3L3
jR 0CcjCN<nCc@ Cjc cwLL3jaw sCj@ a3cU3,j jR ۻ Ra 3q3N Cjc UU3aA
N,3Y r3 IcR 0CcjCN<nCc@ $3js33N MK Iw3ac RN 83aaRL<N3jC,
L3jIc V7KKW N0 L<N3jC, CNcnIjRac V7KBWY BN j@3 jaNcq3ac3
,RN~<najCRN V7C<Y Ϻϊ VWW 8Ra 7KKgMK $CIw3ac j@3 3{3,j R8 CNA
j3a3cj Cc j@3 ibb2 s@C,@ ,N 3cCIw $3 c3Uaj30 8aRL nNCNj3N030
TM2N0UaRuCLCjw TM2 ,RNjaC$njCRNc $w Cjc 0C{3a3Nj cwLL3jaC3cY
BN 7KBgMK $CIw3ac j@3 TM2 ,N $3 N3<I3,j30. $nj  UaRuCLCjw
TM2Lw R,,na s@C,@ Cc IcR 3cw jR 0Cc3NjN<I3 8aRL  ibb2Y 7Ra
j@3 IRN<Cjn0CNI ,RN~<najCRN j@3 Bb?2 qRIj<3 0n3 jR j@3 Hbb2
CN 7KKgMK $CIw3ac ,N $3 Rq3aIUU30 $w ,RNjaC$njCRNc R8 j@3
M2 c s3II c UaRuCLCjw M2Y i@3 c3UajCRN Cc Ln,@ LRa3
,RLUIC,j30 0n3 jR j@3 cL3 cwLL3jaw sCj@ a3cU3,j jR ۻ Y BN
7KBgMK$CIw3ac. CNcj30. N M2 ,N $3 N3<I3,j30s@CI3  UaRuA
CLCjw M2 c@RnI0 $3 ,RNcC03a30Y r3 @q3 jR 00 nU $Rj@ ICcjc
R8 URccC$I3 3{3,jc s@3N j@3a3 Cc  LCujna3 R8 CNAUIN3 N0 RnjAR8A
UIN3 j3LU3ajna3 <a0C3Njc V7C<Y Ϻϊ V,WWY 7Ra 7KKgMK $CIw3ac
j@3 ,RLUI3j3 yRR R8 3{3,jc Cc URccC$I3 N0 @c jR $3 CN,In030 CN j@3
3qInjCRN R8 3uU3aCL3NjI a3cnIjcY i@3a38Ra3. $Rj@ cwLL3jaC, c
s3II c NjCcwLL3jaC, ,RNjaC$njCRNc a3 URccC$I3. $nj 3,@ ,RNA
jaC$njCRN IcR ,RNjCNc 0C{3a3Nj 3{3,jc. s@C,@ LG3c Cj j30CRnc
jR c3Uaj3 3,@ Uaj ,,Ra0CN< jR Cjc RaC<CNY 7Ra 7KBgMK Cj $3A
,RL3c Ln,@ 3cC3a jR 0CcjCN<nCc@ $3js33N j@3 3{3,jcY M2 N0
TM2 ,N $3 N3<I3,j30 0n3 jR j@3 I,G R8 ,@a<3 ,aaC3ac CN j@3 7KB
Iw3aY i@3 UaRuCLCjw TM2 Cc j@3 RNIw 3{3,j s@C,@ Cc cwLL3jaC,
sCj@ a3cU3,j jR ۻ Y M3uj Cj @c jR $3 03j3aLCN30 C8 j@3 MK Iw3a Cc
cUCN URIaCy30 Ra NRj jR 3u,In03  UaRuCLCjw M2 ,RNjaC$njCRN
8aRL N Hbb2 CN j@3 L3cna30 Bb?2 qRIj<3Y
Qna Ua3c3Nj sRaG ,RNjCNc 3uU3aCL3Njc jR CNq3cjC<j3 j@3
,RNjaC$njCRNc R8 II j@3c3 3{3,jc s@3N CNAUIN3 N0 RnjAR8AUIN3
j3LU3ajna3 <a0C3Njc RN 7KKgMK N0 7KBgMK $CIw3ac a3
UUIC30Y
ϊз
bUCN b33$3,G 3{3,j CN U3aLIIRw
BN j@Cc ,@Uj3a s3 sCII Ua3c3Nj j@3 CNq3cjC<jCRN R8 j@3 cUCN b33$3,G 3{3,j
CN j@CN Tw ~ILcY i@3 Lj3aCI sCII $3 CIIncjaj30 q3aw $aC3w N0 s3
sCII <Cq3 N Rq3aqC3s R8 j@3 Ua3qCRnc CNq3cjC<jCRNY i@3 LCN Uaj R8
j@Cc ,@Uj3a Cc 030C,j30 jR j@3 3uU3aCL3NjI a3cnIjc N0 j@3Ca 0Cc,nccCRN.
s@C,@ sCII $3 ,RLUI3j30 $w  c@Raj RnjIRRG CNjR j@3 8njna3 R8 83aaRL<A
N3jC, L3jIc 8Ra cUCN ,IRaC, UUIC,jCRNcY KRcj R8 j@3c3 a3cnIjc s3a3
Un$ICc@30 CN ЙзϺЕYϺзϊ
T3aLIIRw
T3aLIIRw VTwW Cc  83aaRL<N3jC, ,RLURnN0 R8 $Rnj οϺ NC,G3I
N0 ϺϮ CaRNY Bj c@Rsc q3aw @C<@ L<N3jC, U3aL3$CICjwY i@3
a3IjCq3 U3aL3$CICjw Cc $Rnj Ϻзз зззYϺзχ i@3a38Ra3. Cj Cc nc30
c  L<N3jC, ,Ra3 Lj3aCI Ra L<N3jC, ~3I0 c@C3I0CN<Y  q3aw
IRs ,R3a,Cq3 ~3I0 R8  83s Q3acj30LG3c Cj  q3aw cR8j L<N3jC,
Lj3aCIY Tw ,N R$jCN  cLII nNCuCI L<N3jC, NCcRjaRUw 0n3
jR j@3 03URcCjCRN UaR,3ccYϺзЎ Bj Cc IcR  q3aw CNj3a3cjCN<Lj3aCI CN
cUCNjaRNC,c. 3cU3,CIIw 8Ra cUCN UnLUCN< 3uU3aCL3NjcY BN TwgTj
$CIw3a cwcj3Lc j@3 Bb?2 s3a3 nc30 jR R$c3aq3 cUCN ,naa3Njc
<3N3aj30 $w cUCN UnLUCN< CN j@3 Tw 8Ra j@3 ~acj jCL3. s@C,@
sc 0RN3 CN ЙззЎYϺзЋ i@3 nc3 R8 TwgTj $CIw3ac jR CNq3cjC<j3 cUCN
0wNLC,c $w cUCN UnLUCN< Cc cjCII q3aw nUAjRA0j3YϺзο bCN,3 j@3c3
3uU3aCL3Njc j@3 UU3aN,3 R8 cUCN ,naa3Njc CN j@3c3 cLUI3
cwcj3Lc @c $33N s3II nN03acjRR0Y i@3a38Ra3. TwgTj sc RN3 R8
j@3 LRcj 8qRna30 cLUI3 cwcj3Lc 8Ra j@3 ~acj cUCN,IRaCjaRNC,
3uU3aCL3Njc. 3cU3,CIIw 8Ra j@3 cUCN b33$3,G 3{3,jY
i@3 Tw ~ILc CN j@Cc j@3cCc s3a3 03URcCj30 qC 3A$3L 3qUA
RajCRN N0 L<N3jaRN cUnjj3aCN< RN K<Q VззϺW N0 cUU@Ca3
VзззϺW cn$cjaj3cY m,@C0 3j IYϺзϮ 03,C030 jR nc3 cUU@Ca3 cn$A
cjaj3cY i@3w ,ICL30 j@j j@3 j@3aLI ,RN0n,jCqCjw R8 j@3Ca cn$A
cjaj3csc cCLCIa jR j@3 j@3aLI ,RN0n,jCqCjw R8 j@3 03URcCj30 Tw
Ϻзϊ /Y K3C3a 3j IY T@wcC,I
`3qC3s # οο VЙзϺЕW ϺοϊϊЙχ
Ϻзχ /Y +Y DCI3cY BNjaR0n,jCRN
jR K<N3jCcL N0 K<N3jC,
Kj3aCIc. b3,RN0 20CjCRN.
+`+ Ta3cc. ϺϮϮο
ϺзЎ bY +@CGynLCY DRnaNI R8
j@3 T@wcC,I bR,C3jw R8 DUN
ϺϺ VϺϮχЎW χχϺd DRw 7Y /CIICN<3a
N0 `Y KY #RyRaj@Y T@wcC,c
Ў VϺϮЕχW ЙЋϮ
ϺзЋ 2Y bCjR@ 3j IY UUIC30
T@wcC,c H3jj3ac οο VЙззЎW
ϺοЙχзϮd KY pY +Rcj,@3 3j IY
T@wcC,I `3qC3s H3jj3ac ϮЋ
VЙззЎW ЙϺЎЎзЕ
Ϻзο /Y r3C 3j IY Mjna3
+RLLnNC,jCRNc χ VЙзϺϊW
ЕЋЎοd KY Q$cj$nL 3j IY
T@wcC,I `3qC3s # οϮ VЙзϺϊW
зЎзϊзЋ
ϺзϮ FY m,@C0 3j IY Mjna3
ϊχχ VЙззοW ЋЋο










ϺϺϺ +Y vY ?R 3j IY DRnaNI
R8 T@wcC,I N0 +@3LC,I
`383a3N,3 /j Ћ VϺϮЋοW ϮχϮ
ϺϺЙ bY vY ?nN< 3j IY T@wcCA
,I `3qC3s H3jj3ac ϺзЋ VЙзϺϺW
ЙϺЎЎзϊ
~ILcY i@Cc c@RnI0 a30n,3 Nw RnjAR8AUIN3 j3LU3ajna3 <a0C3Njc
0n3 jR 0C{3a3Nj j@3aLI ,RN0n,jCqCjw qIn3cY r3 nc30 cUU@Ca3
cn$cjaj3c sCj@  j@3aLI ,RN0n,jCqCjw R8 ঴  ϊЙrL˥Ϻ F˥Ϻ j
Йχ ˫+ N0 K<Q cn$cjaj3c sCj@ ঴  ЕзrL˥Ϻ F˥Ϻ 8aRL +awci3,
;L$?YϺϺз +RLUa30 jR Tw sCj@  j@3aLI ,RN0n,jCqCjw R8 $Rnj
ϊЎϊrL˥Ϻ F˥Ϻ a3URaj30 $w ?R 3j IYϺϺϺ cUU@Ca3 Cc j@3 Ua383aa30
cn$cjaj3 sCj@  IRs3a LCcLj,@Y ?Rs3q3a. s3 CNq3cjC<j30 Tw
~ILc RN $Rj@ cn$cjaj3cY 7naj@3aLRa3. s3 ,aaC30 Rnj 0C{3a3Nj
cna8,3 ja3jL3Njc R8 j@3 cn$cjaj3c ICG3 a 3j,@CN< $38Ra3 j@3
Tw 03URcCjCRN jR CNq3cjC<j3 j@3 CNn3N,3 R8 0C{3a3Nj CNj3a8,3
,RN0CjCRNcY
Ta3qCRnc a3URajc
BN i$Y Ϻ j@3 ~acj a3URajc R8 ibb2 CN L3jIc. c3LC,RN0n,jRac N0
CNcnIjRac a3 ICcj30Y i@3w a3 RUURc30 jR a3URajc RN CNq3cjC<A
jCRNc CN j@3 cL3 N0 cCLCIa Lj3aCI cwcj3Lc sCj@ NR ibb2
R$c3aqjCRNY i@3 ~acj R8 j@3c3 RUURcCj3 a3URajc sc j@3 sRaG
R8 ?nN< 3j IYϺϺЙ $Rnj j3LU3ajna3 <a0C3Njc CN j@CN ~ILc RN
cn$cjaj3cY i@3 8R,nc sc c3j RN j@3 ccnLUjCRN j@j j@3 cn$A
cjaj3 sc Ln,@ j@C,G3a j@N j@3 j@CN ~IL. s@C,@ ,N I30 jR
nNCNj3N030 RnjAR8AUIN3 j3LU3ajna3 <a0C3Njc s@3N j@3 j@3aA
LI ,RN0n,jCqCjC3c a3 0C{3a3NjY i@3w CNq3cjC<j30 Tw ~ILc R8
Йз NL jR ЕззNL j@C,GN3cc Ujj3aN30 CN ?II $ac 03URcCj30 RN
χззƧL j@C,G bC cn$cjaj3cY 7Ra j@3 CNAUIN3 j3LU3ajna3 <aA
0C3Nj j@3w nc30  a3cCcjCq3 @3j3a N3a j@3 Tw ?II $a RN RN3
cLUI3 cC03 N0  +n $IR,G c  @3j cCNG RN j@3 RUURcCj3 cC03
R8 j@3 cLUI3Y i@3Ca R$c3aqjCRN sc N NjCcwLL3jaC, qRIj<3
sCj@ a3cU3,j jR j@3 3uj3aNI L<N3jC, ~3I0. $nj sCj@Rnj Nw cC<N
,@N<3 $3js33N j@3 @Rj N0 j@3 ,RI0 cC03 R8 j@3 cLUI3Y r@3N
j@3 @3j3a sc UI,30 ,IRc3a jR j@3 ?II $a  cC<N ,@N<3 CN j@3
qRIj<3 sc R$jCN30 RN j@3 @Rj cC03 $nj j@3 ,RI0 cC03 G3Uj Cjc
cC<NY ?Rs3q3a. j@3w R$c3aq30 j@3 cL3 cC<N N0 cCN 8nN,jCRN
cwLL3jaw CN L<N3jC, ~3I0 aRjjCRN L3cna3L3Njc $w a3q3acI
R8 j@3 j3LU3ajna3 <a0C3NjY i@Cc I30c jR j@3 ,RN,IncCRN j@j
j@3 R$c3aq30 3{3,j sc 0aCq3N $w N RnjAR8AUIN3 CNcj30 R8 N
CNAUIN3 j3LU3ajna3 <a0C3NjY Bj c@RnI0 $3 3LU@cCy30 j@j
j@Cc R$c3aqjCRN sc 0RN3 sCj@Rnj Nw cUCN 03j3,jRa Lj3aCI RN
jRU R8 j@3 Tw ~ILY N R$c3aqjCRN R8  URccC$I3 ibb2 ,RnI0 $3
3u,In030Y i@3N j@3 LCN 3{3,j ,N $3 jjaC$nj30 jR N M2 CN
j@3 83aaRL<N3jC, Tw Iw3aY  TM2 ,RnI0 $3 N3<I3,j30 $3,nc3 
,RNjaC$njCRN cwLL3jaC, sCj@ a3cU3,j jR ۻ sc NRj R$jCN30Y BN
ϊЙ
8naj@3a L3cna3L3Njc N 00CjCRNI Tj Iw3a RN jRU R8 j@3 TwgbC
cwcj3L ,RnI0 NRj I30 jR Nw 0C{3a3Nj R$c3aqjCRNc 3u,3Uj 8Ra
 cLII a30n,jCRN R8 j@3 L<NCjn03Y i@3a3 sc NR ibb2 ,RNA
jaC$njCRN CN Tw ~ILc sCj@ Tj cjaCUc j IIY i@3w a3,RLL3N030
ncCN< 8a33 cjN0CN< ~ILc sCj@Rnj cn$cjaj3cY QNIw  Una3 TM2
CN ЙзƧL j@CN 73 8RCI ,RN~aL30  cRI3Iw CNAUIN3 j3LU3ajna3
<a0C3NjY ?Rs3q3a. j@3w nc30  @3j3a IR,j30 RN jRU Ra j j@3
$RjjRL R8 j@3 $CIw3a cwcj3Lc. s@C,@ LG3c Cj 0C|,nIj jR <3j 
Una3 CNAUIN3 j3LU3ajna3 <a0C3Nj sCj@Rnj Nw RnjAR8AUIN3
,RNjaC$njCRNcY
QN3 w3a Ij3a q3aw 3j IYϺϺЕ a3URaj30 ibb2 L3cna3L3Njc CN
Йз NL j@CN Tw N0 MC ~ILc RN χззNL j@CN cncU3N030 bCAMY i@3w
ccnL30  y3aR cn$cjaj3 ICLCj jR a30n,3 j@3 @3j Rs j@aRn<@ j@3
cn$cjaj3 nN03aN3j@Y i@3 cLUI3c ,RNjCN30 Tj cjaCUc j j@3 3N0c
R8 j@3 Tw N0 MC ~ILc jR 03j3,j URccC$I3 cUCN ,naa3NjcY ?Rs3q3a.
j@3 R$c3aq30 qRIj<3 ,RnI0 $3 jjaC$nj30 jR  Una3 TM2 N0 NR
ibb2 ,RNjaC$njCRN sc R$jCN30Y i@3 qRIj<3 sc cwLL3jaC,
sCj@ a3cU3,j jR j@3 3uj3aNI L<N3jC, ~3I0. s@C,@ sc cnUURaj30
$w  cCN Θ ,Rc cwLL3jaw <Cq3N $w 2\Y ϺЋ s@3N j@3 L<N3jC, ~3I0
sc aRjj30 CN j@3 cLUI3 UIN3Y i@3w 3cjCLj30 N nUU3a ICLCj R8
 URccC$I3 ibb2 0aCq3N Bb?2 qRIj<3. C8 j@3a3 Cc Nw ,RNjaC$njCRN
@C003N CN j@3 L3cna3L3Nj cC<NIY i@Cc sc j@3 3uU3aCL3NjI
3aaRa R8 $Rnj χ NpY
i@3 sRaG R8 b,@LC0 3j IYϺϺϊ CN ЙзϺЕ sc 0RN3 CN ,RII$RajCRN
sCj@ Rna <aRnUY i@3 cLUI3c nc30 s3a3 C03NjC,I jR j@3 cLUI3c
Ua3c3Nj30 CN Rna sRaGY ;3N3aIIw. j@3w R$c3aq30 jsR 0C{3a3Nj
83jna3c CN j@3Ca ibb2 CNq3cjC<jCRNcY i@3 ~acj RN3 sc  cwLL3jA
aC, ,RNjaC$njCRN R8 j@3 qRIj<3 sCj@ a3cU3,j jR j@3 L<N3jC, ~3I0
s@C,@ c@Rs30  cCN Θ ,Rc cwLL3jaw s@3N j@3 L<N3jC, ~3I0 sc
aRjj30 CN j@3 cLUI3 UIN3Y i@Cc ,RNjaC$njCRN ,N $3 jjaC$nj30
jR j@3 TM2Y i@3 c3,RN0 ,RNjaC$njCRN c@Rs30 N NjCcwLL3jaC,
qRIj<3 sCj@ a3cU3,j jR j@3 L<N3jC, ~3I0 N0  ,Rc 8nN,jCRN CN
 L<N3jC, ~3I0 aRjjCRNY i@Cc ,RnI0 $3 jjaC$nj30 jR j@3 M2
c s3II c j@3 ibb2Y ?Rs3q3a. j@3w @q3 c@RsN j@j j@3 NjCcwLA
L3jaC, Uaj CN,a3c3c LRNRjRNC,IIw s@3N j@3 j3LU3ajna3 ܇Tj
j j@3 Tj cjaCU CN,a3c3c CN  aN<3 $3IRs N0 $Rq3 aRRL j3LA
U3ajna3Y i@Cc $3@qCRna sc CN03U3N03Nj R8 j@3 j3LU3ajna3
<a0C3Nj 0Ca3,jCRN Væ܇  oЙχFW N0 sc 3q3N R$c3aq30 s@3N
NR j3LU3ajna3 <a0C3Nj sc UUIC30 Væ܇  зFWY i@3a38Ra3. j@3
NjCcwLL3jaC, Uaj ,RnI0 NRj $3 jjaC$nj30 jR j@3 ibb2 $nj jR j@3
M2Y i@3 a3cRN 8Ra j@3 <3N3aj30 M2 @c jR $3 N RnjAR8AUIN3
j3LU3ajna3 <a0C3Nj UaR0n,30 $w j@3 T3IjC3a 3I3L3Njc s@C,@
s3a3 nc30 8Ra @3jCN<Y i@3 cLUI3c s3a3 NRj ,ILU30. 3Cj@3aY
ϺϺЕ Y q3aw 3j IY T@wcC,I
`3qC3s H3jj3ac ϺзϮ VЙзϺЙW
ϺϮЎЎзЙ
ϺϺϊ KY b,@LC0 3j IY T@wcC,I
`3qC3s H3jj3ac ϺϺϺ VЙзϺЕW
ϺοЋЙзϺ
ϊЕ
ϺϺχ FY m,@C0 3j IY Mjna3
ϊχχ VЙззοW ЋЋο
i@3Ca ,RN,IncCRN sc cnUURaj30 $w a383a3N,3 L3cna3L3Njc RN
cLUI3c sCj@  +n cjaCU CNcj30 R8  Tj cjaCUY 7Ra j@3c3 cLUI3c
j@3 cL3 $3@qCRna sc R$c3aq30Y ?Rs3q3a. j@3a3 c@RnI0 $3 NR
Bb?2 qRIj<3 cC<NI 03j3,j$I3 CN +nY b,@LC0 3j IY IcR a3q3I30
N nUU3a ICLCj 8Ra  URccC$I3 ibb2 s@C,@ sc $Rnj Йз Np CN
TwgTj cLUI3c. s@C,@ Cc sCj@CN j@3Ca 3uU3aCL3NjI 3aaRaY
2uU3aCL3NjI a3cnIjc
i@3 ~acj bb2 a3URaj CN Йззο $w m,@C0 3j IYϺϺχ 03c,aC$3c CNq3cjCA
<jCRNc RN j@CN Tw ~ILc CN j@3 jaNcq3ac3 <3RL3jaw V7C<Y ϺχWY i@3
~acj cj3U CN Rna CNq3cjC<jCRNc Cc jR a3UaR0n,3 j@Cc 3uU3aCL3NjY
i@3 j3LU3ajna3 <a0C3Nj ˚܇ܤ Cc UUIC30 IRN< j@3 cLUI3 UIN3
UaII3I jR N 3uj3aNI L<N3jC, ~3I0 ǖۻ Y i@3 cLUI3 Cc IR,j30
$3js33N jsR ,RUU3a $IR,GcY r@CI3 m,@C0 3j IY ~u30 j@3 cLA
UI3 3N0c RN jRU R8 j@3 ,RUU3a $IR,Gc. s3 ,ILU30 j@3 cLUI3
3N0c $3js33N j@3 ,RUU3a $IR,Gc N0 ,RUU3a UIj3c jR UaRLRj3
CNAUIN3 j@3aLI nu N0 qRC0 nNCNj3N030 RnjAR8AUIN3 j3LU3aA
jna3 <a0C3NjcY i@3 cn$cjaj3 sc NRj 8nIIw ,Rq3a30 $w j@3 Tw jR
Ua3q3Nj 3I3,jaC,I ,RNj,j $3js33N j@3 L3jIIC, ~IL N0 j@3 ,RUA
U3a ,ILUcY ?3a3. j@3 Tw ~IL R8 χ  ЕLLЙ CN Ij3aI 0CL3NcCRNc
N0 ЙзNL R8 j@C,GN3cc sc 03URcCj30 qC 3A$3L 3qURajCRN RN
jRU R8  Ϻз  ϺзLLЙ cn$cjaj3Y i@3 cUCN ,naa3Nj 03j3,jRa sc 
ϺззƧLsC03 Tj cjaCU R8 Ϻз NL j@C,GN3cc s@C,@ sc 03URcCj30 qC
L<N3jaRN cUnjj3aCN< RN RN3 cC03 R8 j@3 Tw ~ILY i@3 cjaCU sc
IC<N30 U3aU3N0C,nIaIw jR j@3 j3LU3ajna3 <a0C3Nj ˚܇ܤ Rq3a















7C<na3 Ϻχ- ibb2 ,RN~<naA
jCRN- i@3 j3LU3ajna3 <aA
0C3Nj ˚܇ N0 j@3 3uj3aNI
L<N3jC, ~3I0 ۻ a3 UaIA
I3I IC<N30 N0 UUIC30 CN j@3
cLUI3 UIN3Y i@3 qRIj<3 ܉
Cc L3cna30 jaNcq3ac3Iw j
j@3 3N0c R8 j@3 Tj cjaCUY
BNAUIN3 j3LU3ajna3 <a0C3Njc
i@3aLR3I3,jaC, L3cna3L3Njc a3 q3aw c3NcCjCq3 ,RN,3aNCN< nNA
CNj3N030 @3j Rs s@C,@ ,N UU3a CN II Uajc R8 j@3 L3A
cna3L3Nj cwcj3LY LRN< j@3c3 c3NcCjCq3 Uajc a3 j@3 3I3,jaC,I
,RNj,jc s3 @q3 jR nc3 jR L3cna3 j@3 qRIj<3Y BN j@3 ,c3 R8
j@3 cUCN b33$3,G 3{3,j j@3 3N0c R8 j@3 Tj cjaCU @q3 jR $3 ,RNA
j,j30Y i@3 $3cj sw jR a30n,3 nNCNj3N030 @3j Rs j@aRn<@ j@3
sCaCN< Cc jR nc3 q3aw j@CN jCUc Ra sCa3c sCj@  cLII ,RNj,j a3
RN j@3 Tj cjaCUY i@3a38Ra3. s3 cjaj30 ncCN< n $RN0CN< sCa3c
sCj@  0CL3j3a R8 ЙχƧLY i@3 ,RNj,jCN< sc 0RN3 $w nIjacRNC,
s30<3 $RN0CN< sCj@  ?w$RN0 KR03I χЋЙ r30<3 #RN03aY i@3 n
sCa3 sc Ua3cc30 sCj@ N nIjacRNC, UnIc3 R8 ЎЙ G?y jR a3LRq3
,RNjLCNjCRN $3js33N sCa3 N0 cLUI3Y  IRs 8Ra,3 $3js33N
зϺχ Ģ ЙM sc nc30 jR UaRLRj3 0C{ncCRN $3js33N j@3 Lj3aCIc.
ϊϊ
8Ra  jCL3 $3js33N Йз Ģ ϊззLcY i@Cc I30c jR  ,RNj,j a3 R8
$Rnj Йχ Ģ χзƧL CN 0CL3j3a sCj@Rnj Nw ,RNcC03a$I3 0L<3
jR j@3 Tj ~ILY
7Ra 8naj@3a Ua3q3NjCRN R8 j@3aLI ,RN0n,jCRN N0 ,RNq3,jCRN
$3js33N j@3 cLUI3 N0 j@3 cLUI3 @RI03a sCj@ j@3 cnaaRnN0A
CN<c s3 U3a8RaL30 j@3 ~acj L3cna3L3Njc CN q,nnLY i@3aLI
n,jnjCRN ,RnI0 $3 LCNCLCy30 N0 ,N $3 jjaC$nj30 jR j@3aA
LI a0CjCRN N0 IRs j@3aLI ,RN0n,jCRN 0n3 jR j@3 ,RNN3,jCRN
$3js33N j@3 cLUI3 @RI03a N0 j@3 ,@L$3aY
BN 7C<Y ϺЎ A 7C<Y Ϻο j@3 qRIj<3 cC<NI ܉ j j@3 3N0c R8 j@3 Tj
cjaCU Cc c@RsN c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ Y 7Ra
3,@ <aU@ s3 ,@N<30 j@3 0Ca3,jCRN R8 j@3 CNAUIN3 L<N3jC,
~3I0 sCj@  ~u30 yCLnj@I N<I3 ঢ sCj@ a3cU3,j jR j@3 uAuCc
V3IRN<j30 cLUI3 0Ca3,jCRNWY BN j@3 ibb2 ,RN~<najCRN ˚܇ܤ
c@RnI0 IcR IC3 IRN< j@3 uA0Ca3,jCRNY 7Ra 3,@ ঢ j@3L<N3jC, ~3I0ۻ sc ,@N<30 cjajCN< j ˥ϺззQ3 jR ϺззQ3 N0 $,G jR ˥ϺззQ3
<CN 8Ra  ,RLUI3j3 L<N3jC, ~3I0 IRRUY i@Cc L3cna3L3Nj
a3q3Ic j@3 cwLL3jaw R8 j@3 UU3aCN< 3{3,jcY 7Ra  ibb2 s3
3uU3,j N NjCcwLL3jaC, $3@qCRna R8 ܉ sCj@ a3cU3,j jR ۻ s@3N
s3 csCj,@ j@3 L<N3jCyjCRN 0Ca3,jCRNcY i@Cc ,N $3 ,RLUa30
jR 2\Y Йϊ VBb?2W $3,nc3 j@3 ,aRcc UaR0n,j Cc a3cURNcC$I3 8Ra j@3
N<I3 03U3N03N,wY i@3 j3LU3ajna3 0C{3a3N,3 CN 7C<cY ϺЎ jR Ϻο
sc ~u30 j æ܇  ЕχF N0 j@3 N<I3 ঢ sc qaC30 $3js33N
з Ģ ϮзnY i@3 Tj cjaCU sc IR,j30 RN j@3 @Rj cC03 R8 j@3 Tw ~ILY
i@3 a383a3N,3 j3LU3ajna3 ܇଑sc 03~N30 $w j@3 ,RI0 cLUI3 cC03
N0 ~u30 j aRRL j3LU3ajna3Y Ca ,RRICN< j@aRn<@ j@3 ,RUU3a
$IR,G 3Ncna30 j@3 LCNj3NN,3 R8 ܇଑ 03cUCj3 @3j 0CccCUjCRNY
BN 7C<Y ϺЎ VW j@3 3uj3aNI L<N3jC, ~3I0 ۻ sc CNj3NjCRNIIw
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magnetic field H (Oe)
` = 15°
7C<na3 ϺЎ- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0ۻ s@C,@ Cc IC<N30 CNAUIN3 sCj@  ~u30 N<I3 ঢ sCj@ a3cU3,j jR j@3 CNAUIN3
j3LU3ajna3 <a0C3Nj ˚܇ܤY VW 8Ra ঢ  зn N0 V$W ঢ  ϺχnY i@3 j3LU3ajna3
0C{3a3N,3 sc ~u30 j ୩܇  ЕχFY
ϊχ
jCN30 qRIj<3 cC<NI ܉ Cc cwLL3jaC, sCj@ a3cU3,j jR ۻ Y 7Ra Ia<3
$cRInj3 qIn3c R8 ۻ j@3 cL3 cjnaj30 qRIj<3 ܉ܟ܎ܠ Cc a3,@30
V˥ЕχοƧpWY i@3a3 a3 jsR U3Gc aRnN0 зQ3 s@C,@ 0R NRj Rq3aA
IUY 7naj@3aLRa3. j@3w 0R NRj @q3 3u,jIw j@3 cL3 @3C<@jY 7Ra
y3aR ~3I0 j@3a3 Cc  ,aRccCN< URCNj R8 j@3 jsR $aN,@3c j ˥ЕχϊƧpY
i@3 a3cRN 8Ra j@3 0C{3a3Nj @3C<@jc R8 j@3 U3Gc Cc j@3 cj3U
cCy3 R8 j@3 L<N3jC, ~3I0 cs33U 0naCN< j@3 L3cna3L3NjY ?3a3.
j@3 cj3U cCy3 sc ϺQ3 sCj@  03Iw jCL3 R8 Ϻ c $3js33N 3,@ L3A
cna3L3Nj cj3UY i@3 qRIj<3 sc L3cna30 sCj@  F3Cj@I3w MNRA
qRIjL3j3a ЙϺοЙ sCj@ N 0Encj30 CNj3<ajCRN jCL3 R8 ЙзLc R8 j@3
g/ ,RNq3aj3a CNcC03 j@3 LnIjCL3j3aY i@3 LnIjCL3j3a sc IcR
0Encj30 CN j@3 LRqCN< q3a<3LR03 sCj@  cj,G R8 χз qIn3c jR
R$jCN j@3 $3cj cC<NI ~Ij3aCN<Y ?3a3. j@3 LnIjCL3j3a 03j3aLCN3c
j@3 q3a<3 $Rnj j@3 Icj χз L3cna30 qIn3cY i@3a38Ra3. N
CNj3<ajCRN jCL3 R8 ЙзLc I30c jR  03Iw jCL3 R8 Ϻ c $3js33N
3,@ L<N3jC, ~3I0 cj3U jR <3j  <3NnCN3 cC<NI ܉ 8Ra  ,3ajCN
L<N3jC, ~3I0 qIn3 ۻ Y MRs s3 ,@N<30 j@3 N<I3 $3js33N j@3
IRN< cLUI3 uCc VuA0Ca3,jCRNW N0 j@3 L<N3jC, ~3I0 q3,jRa ǖۻ jRঢ  Ϻχn V7C<Y ϺЎ V$WWY i@3 R$c3aq30 ,naq3 c@Rsc  N3aIw cjaC<@j
ICN3 aRnN0 ˥ЕχχƧpY bLII U3Gc aRnN0 зQ3 ,N $3 ccnL30
N0 j@3a3 Cc NR 0C{3a3N,3 $3js33N j@3 I38j N0 j@3 aC<@j @N0
cC03 8Ra ܉ܟ܎ܠ 3u,3Uj 8Ra  cLII 0C{3a3N,3 0n3 jR  j@3aLI 0aC8j R8
j@3 qRIj<3 $3js33N j@3 cjaj N0 j@3 3N0 R8 j@3 L3cna3L3NjY
r@3N s3 ,@N<3 j@3 N<I3 jR ঢ  Езn N0 ঢ  ϊχn V7C<Y ϺЋ VW
N0 V$WW s3 R$c3aq3 jsR LCNCL CNcj30 R8 jsR LuCL aRnN0
зQ3Y i@3 cjnaj30 qRIj<3 ܉ܟ܎ܠ CN,a3c3c N0 j@3 LCNCL a3
LRa3 0CcjCN,j 8Ra $Rj@ N<I3c. a3cU3,jCq3IwY i@3 ,aRccCN< URCNj
R8 $Rnj ˥ЕχϊƧp R8 j@3 jsR $aN,@3c Cc j@3 cL3 ,RLUa30
jR j@3 L3cna3L3Njc sCj@ j@3 Ua3qCRnc N<I3c ঢY r@3N s3 CNA
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magnetic field H (Oe)
` = 45°
7C<na3 ϺЋ- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0ۻ s@C,@ Cc IC<N30 CNAUIN3 sCj@  ~u30 N<I3 ঢ sCj@ a3cU3,j jR j@3 CNAUIN3
j3LU3ajna3 <a0C3Nj ˚܇ܤY VW 8Ra ঢ  Езn N0 V$W ঢ  ϊχnY i@3 j3LU3ajna3
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magnetic field H (Oe)
` = 90°
7C<na3 Ϻο- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0ۻ s@C,@ Cc IC<N30 CNAUIN3 sCj@  ~u30 N<I3 ঢ sCj@ a3cU3,j jR j@3 CNAUIN3
j3LU3ajna3 <a0C3Nj ˚܇ܤY VW 8Ra ঢ  Ћχn N0 V$W ঢ  ϮзnY i@3 j3LU3ajna3
0C{3a3N,3 sc ~u30 j ୩܇  ЕχFY
,aRccCN< URCNj j ˥ЕχϊƧpY ?Rs3q3a. s@3N j@3 L<N3jC, ~3I0 ۻ
Cc CN,a3c30 CN $Rj@ 0Ca3,jCRNc j@3a3 a3 IR,I LuCL R8 $Rnj˥ЕχзƧpY i@Cc Cc a3LaG$Iw j@3 cL3 qRIj<3 c j@3 cjnaj30
qIn3 8Ra ঢ  ϊχnY 7Ra Ia<3a L<N3jC, ~3I0c ۻ  cjnaj30 qIn3
Cc R$jCN30Y BN j@3 aN<3 $3js33N ˥ϺззQ3 jR ˥ϮзQ3 N0 ϮзQ3
jR ϺззQ3 j@3 q3a<3 qRIj<3 sc ,I,nIj30 N0 UIRjj30 c 
8nN,jCRN R8 j@3 N<I3 ঢ c@RsN CN 7C<Y ϺϮ VWY i@3 cjnaj30 qRIj<3
c@Rsc  cC<NC~,Nj Uaj R8  jsR8RI0 cCN ,naq3 R8 ঢY i@3a38Ra3. 
,RLUI3j3 ЕЎзn aRjjCRN R8 ۻ sc 0RN3 CN j@3 cLUI3 UIN3 sCj@
N $cRInj3 qIn3 R8 ϺззQ3Y i@3 ,naq3 R$jCN30 ,N $3 ~jj30 $w
 8nN,jCRN CN j@3 8RaL R8 ۴ Θ cCN

ঢ  ঢ଑sCj@ N LUICjn03 R8۴  ЋззNp N0  U@c3 c@C8j R8 ঢ  ˥Ћn V7C<Y ϺϮ VWWY 7Ra  $3jj3a
,RLUaCcRN R8 j@3 csCj,@CN< $3@qCRna j@a33 UajC,nIa ,naq3c
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magnetic field H (Oe)
  α = 45°
  α =   0°
  α = 15°
7C<na3 ϺϮ- VW i@3 jaNcq3ac3 qRIj<3 ܉cj CN cjnajCRN c  8nN,jCRN R8 j@3 N<I3 ঢ
$3js33N j@3 L<N3jC, ~3I0 ǖۻ N0 j@3 uA0Ca3,jCRN s@3a3 j@3 CNAUIN3 j3LU3ajna3
<a0C3Nj ˚܇ܤ Cc UUIC30 8Ra N $cRInj3 qIn3 ^ ǖۻ^  ϺззQ3 N0  j3LU3ajna3
0C{3a3N,3 ୩܇  ЕχF VcRIC0 ICN3W ,RLUa30 jR  ~j cCN3 8nN,jCRN V0c@30 ICN3W.
0030 jR j@3 cjnaj30 qRIj<3 8aRL 7C<cY ϺЎ jR Ϻο Vc\na3cWY V$W i@3 qRIj<3 ܉ c
 8nN,jCRN R8 ۻ 8Ra 0C{3a3Nj N<I3c ঢ N0 ୩܇  ЕχFY
ϊЋ
$3@qCRna Cc 0C{3a3Nj 8Ra N<I3c $3IRs N0 $Rq3 ϺχnY
II L3cna3L3Njc CN 7C<Y ϺЎ A 7C<Y Ϻο a3 cwLL3jaC, sCj@ a3A
cU3,j jR j@3 3uj3aNI L<N3jC, ~3I0 ۻ Y i@3a38Ra3. s3 ,N 3u,In03
j@3 ibb2 s@C,@ c@Rsc N NjCcwLL3jaC, $3@qCRna sCj@ a3cU3,j
jR ۻ Y i@3a3 sc NR a3UaR0n,C$I3 0C{3a3N,3 $3js33N j@3 cjnA
aj30 qRIj<3c 8Ra URcCjCq3 N0 N3<jCq3 L<N3jC, ~3I0c CNcC03
j@3 3uU3aCL3NjI c3NcCjCqCjw ICLCj s@C,@ ,RnI0 I30 jR  ibb2 ,RNA
jaC$njCRNY i@3a3 Cc NRj 3q3N N nNCNj3N030 M2 0n3 jR UacCjC,
RnjAR8AUIN3 j3LU3ajna3 <a0C3NjcY i@3a38Ra3. s3 ,N ccnL3
j@j s3 @q3 ,a3j30  ,RLUI3j3Iw CNAUIN3 j3LU3ajna3 <a0CA
3Nj ˚܇ܤ sCj@Rnj Nw RnjAR8AUIN3 ,RLURN3Njc ˚܇ܦY i@3 a3cnIjc
c@RsN CN 7C<Y ϺЎ A 7C<Y Ϻο ,N $3 U3a83,jIw 3uUICN30 $w j@3 TM2Y
?3a3. j@3 $cRInj3 qRIj<3 03U3N0c RN j@3 N<I3 ষ $3js33N j@3
L<N3jCyjCRN q3,jRa ǖ܀ N0 j@3 j3LU3ajna3 <a0C3Nj CN j@3 ~IL
UIN3 ˚܇ܤY i@3 ~3I0 aRjjCRN L3cna3L3Nj CN 7C<Y ϺϮ VW Ia30w
q3aC~3c j@3 cCNVষW,RcVষW ,@a,j3aCcjC, R8 j@3 TM2 V2\Y ϺЋWY ?3a3.
Cj ,N $3 ccnL30 j@j j@3 L<N3jCyjCRN q3,jRa ǖ܀ R8 j@3 Tw ~IL
Cc ,RLUI3j3Iw cjnaj30 N0 IC<N30 UaII3I jR j@3 L<N3jC, ~3I0
q3,jRa ǖۻ sCj@ N $cRInj3 qIn3 R8 ϺззQ3Y 7Ra j@Cc a3cRN j@3
N<I3 ঢ Cc ,RLUa$I3 jR j@3 N<I3 ষY  jsR8RI0 cCN ,naq3 a33,jc
j@3 cwLL3jaw R8 j@3 R$c3aq30 3{3,jY r@3N ঢ Cc ~u30 s3 ,N
IcR ,@C3q3  qRIj<3 cC<NI cwLL3jaC, sCj@ a3cU3,j jR ۻ Y r@3Nۻ Cc Ia<3 3NRn<@ s3 ,N ~N0 j@3 cL3 qRIj<3 s3 R$jCN CN
j@3 ~3I0 aRjjCRN L3cna3L3Nj 8Ra  ,3ajCN ঢ V̛ ষWY r@3N j@3
$cRInj3 qIn3 R8 ۻ Cc 03,a3c30 ǖ܀ aRjj3c CN j@3 ~IL UIN3 N0
$Rj@ ষ N0 ܉ qawY 7Ra ঢ  Ϻχn V7C<Y ϺЎ V$WW s3 ,N R$c3aq3 NR
,RNcC03a$I3 qaCjCRN CN j@3 qRIj<3 cC<NI ,RLUa30 jR Rj@3a
N<I3c ঢY r3 ,N ccnL3 j@j s3 8RnN0 j@3 L<N3jC, 3cw uCc
R8  nNCuCI L<N3jC, NCcRjaRUw VmKW IRN< j@Cc 0Ca3,jCRNY
7Ra Nw qIn3 R8 ۻ j@3 L<N3jCyjCRN q3,jRa ǖ܀ R8 j@3 Tw ~IL Cc
IC<N30 IRN< j@Cc 0Ca3,jCRN N0 j@3 N<I3ষ 0R3c NRj ,@N<3Y /n3
jR j@3 cwLL3jaw s3 R$jCN j@3 cL3 qRIj<3 cC<NI 8Ra ঢ  ϺϮχnY
MRs s3 nN03acjN0 @Rs ষ N0 ܉ ,@N<3 8Ra ঢ ̳ ϺχnY i@3 L<A
N3jCyjCRN ǖ܀ Cc IC<N30 UaII3I jR j@3 L<N3jC, ~3I0 q3,jRa ǖۻ
8Ra cn|,C3NjIw Ia<3 ~3I0 qIn3cY r@3N j@3 $cRInj3 qIn3 R8 ۻ
03,a3c3c j@3 L<N3jCyjCRN q3,jRa ǖ܀ aRjj3c CNjR j@3 L<N3jC,
3cw uCcY Bj 03U3N0c RN j@3 0Ca3,jCRN R8 ۻ VN0 j@3a38Ra3 RN j@3
N<I3 ঢW s@3j@3a j@3 N<I3 $3js33N ǖ܀ N0 ˚܇ܤ VCY3Y ষW 03,a3c3c
Ra CN,a3c3c s@3N j@3 L<N3jC, ~3I0 ۻ Cc 03,a3cCN<Y i@Cc I30c
jR j@3 UU3aN,3 R8 3Cj@3a qRIj<3 LuCL Ra LCNCL 0naCN< 
L<N3jC, ~3I0 cs33UY 7Ra N<I3c ঢ Ia<3a j@N ϊχn s3 R$c3aq3
$Rj@ LuCL N0 LCNCLY ?3a3. j@3 L<N3jCyjCRN q3,jRa ǖ܀
ϊο
,aRcc3c ষ  ϊχns@3a3 j@3 qRIj<3 cC<NI ܉ a3,@3c Cjc LuCLnLY
?Rs3q3a. CN j@3 cCNଓ
ঢ ~j 8nN,jCRN s3 ,@C3q30  U@c3 c@C8j
R8 ঢ଑  ˥ЋnY i@Cc ,N $3 3uUICN30 $w  jCIj R8 j@3 j3LU3ajna3
<a0C3Nj ˚܇ܤ R{ j@3 uA0Ca3,jCRNY BN 7C<Y Йз V$W j@3 3u,j 0Ca3,jCRNc
R8 ˚܇ . j@3 mK N0 j@3 3uj3aNI L<N3jC, ~3I0 ǖۻ a3 cG3j,@30
sCj@ a3cU3,j jR j@3 cLUI3 RaC3NjjCRNY Bj Cc URccC$I3 jR ,I,nIj3
j@3 N<I3 ষ $3js33N ˚܇ N0 ǖ܀ 0naCN< j@3 L<N3jCyjCRN a3q3aA
cI UaR,3cc 8Ra 3,@ L3cna3L3Nj CN 7C<Y ϺЎ A 7C<Y ϺοY r3 jG3
2\Y ϺЋ 8Ra j@3 TM2 CN j@3 8RaL ܉ ˰ cCN ষ˚܇ Y i@3 qRIj<3 ,N $3
NRaLICy30 V܉NRaLW cn,@ j@j j@3 LuCLnL qRIj<3 ,Raa3cURN0c
jR j@3 qIn3 Ϻ 8Ra ষ  ϊχn s@3N cCN 
 Θ ϊχn @c Cjc LuCLnLY
7naj@3aLRa3. j@3 cjnaj30 qIn3 Vj ۻ  oϺззQ3W 8Ra ষ  ঢ˥ Ћn
Cc a3Ij30 jR cCN 
 Θ 
ঢ ˥ ЋnY BN ,c3 R8 ঢ  Ћχn j@3 cjnajCRN
qIn3 Cc a3Ij30 jR cCN 
 Θ 
Ћχn ˥ Ћn ̛ Y MRs. s3 ,N ,I,nIj3
j@3 N<I3 ষ  ଒ଓa,cCN
܉NRaL N0 UIRj Cj <CNcj ۻ V7C<Y Йз VWWY
`3<a0CN< j@3 aN<3 R8 j@3 ଒ଓa,cCN 8nN,jCRN RNIw N<I3c $3js33Nзn N0 ϊχn ,N $3 ,,3cc30Y 7Ra j@3 0c@30 $Ru CN 7C<Y Йз VW s3
,N ~N0  LnIjC 0RLCN cjj3Y BN j@Cc a3 j@3 L<N3jCyjCRN
q3,jRa ǖ܀ a3LCNc CN j@3 0Ca3,jCRN R8 j@3 mKY i@3 L<N3jC,
LRL3Njc R8 CN0CqC0nI 0RLCNc csCj,@ cj3U $w cj3UY BN j@Cc a3
j@3 qRIj<3 ,nc30 $w j@3 TM2 ,jc j@3 cL3 sw c j@Rn<@ j@3
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7C<na3 Йз- VW i@3 N<I3ষ R8 j@3 L<N3jCyjCRN ǖ܀sCj@ a3cU3,j jR˚܇ c  8nN,jCRN
R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ UUIC30 j N N<I3 ঢ  ЋχnsCj@ a3cU3,j jR j@3
uAuCcY i@3 ,I,nIj30 aN<3 R8 ষ Cc ICLCj30 8aRL зn jR ϊχn 0n3 jR j@3 ଜଝ a,cCN8nN,jCRN s3 nc30Y BN j@3 LnIjCA0RLCN cjj3܀ 03,a3c3c sCj@Rnj ,@N<CN< ষ
V0c@30 $RuWY V$W i@3 a3q3acI UaR,3cc R8 ǖ܀ 0naCN< j@3 qaCjCRN R8 ۻ UUIC30
IRN< ঢ  ЋχnY r@3N ۻ 03,a3c3c ǖ܀ aRjj3c ,R@3a3NjIw 8aRL NRY Ϻ qC NRY Й
CNjR j@3 L<N3jC, 3cw 0Ca3,jCRN VNRY ЕWY BN L<N3jC, a3LN3N,3 VNRY ϊW j@3
jRjI L<N3jCyjCRN Cc y3aR 0n3 jR j@3 LnIjCA0RLCN cjj3Y r@3N ۻ CN,a3c3c j@3
LRNRA0RLCN cjj3 Cc a3,@30 VNRY χWY 8j3a j@j. ǖ܀ aRjj3c ,R@3a3NjIw qC NRY Ў
jR NRY ЋY
ϊϮ
ϺϺЎ FY m,@C0 3j IY Mjna3
ϊχχ VЙззοW ЋЋο
j@3 TM2 qRIj<3 qNCc@3cY r@3N j@3 L<N3jC, LRL3Njc R8 II
0RLCNc @q3 csCj,@30. s3 I3q3 j@3 LnIjC 0RLCN cjj3 a3
N0 j@3 L<N3jCyjCRN q3,jRa aRjj3c <3NnCN3Iw sCj@ j@3 03NRj30
N<I3 ষY M3q3aj@3I3cc. Cj Cc URccC$I3 jR a3,RNcjan,j j@3 ,RLUI3j3
L<N3jCyjCRN a3q3acI UaR,3cc V,8Y 7C<Y Йз V$WWY
r3 ,N ,RN,In03 j@j s3 a3 $I3 jR UUIw  a3IC$I3 CNAUIN3
j3LU3ajna3 <a0C3Nj CN j@Cc GCN0 R8 c3jnU s@C,@ cRI3Iw UaR0n,3c
 TM2 CN j@3 Tw ~ILY i@3 ,an,CI CN0C,jRa 8Ra j@Cc ,RN,IncCRN
Cc j@3 L3cna30 qRIj<3 s@C,@ Cc ,RLUI3j3Iw cwLL3jaC, sCj@
a3cU3,j jR j@3 3uj3aNI L<N3jC, ~3I0 ۻ Y  LCccCN< M2 <naNA
j33c j@j N nNCNj3N030 RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj ,N
$3 N3<I3,j30Y i@3a38Ra3. s3 ,N IcR N3<I3,j 0C|,nIjC3c CN j@3
c3UajCRN R8 Rq3aIUUCN< qRIj<3 ,RNjaC$njCRNc 8aRL 0C{3a3Nj
3{3,jcY ?Rs3q3a. s@3N N NjCcwLL3jaC, ,RNjaC$njCRN Cc LCccCN<
Cj ,N $3 ,RN,In030 j@j j@3a3 Cc NR ibb2 sCj@CN j@3 3uU3aCL3NjI
c3NcCjCqCjw ICLCjY
i@3 LCN 0C{3a3N,3c CN L3cna3L3Nj j3,@NC\n3 $3js33N
m,@C0 3j IYϺϺЎ N0 j@3 RN3 s3 nc30 8Ra j@3 a3cnIjc Ua3c3Nj30
a3 ,RNj,jCN< j@3 Tj cjaCU sCj@  LC,aR UaR$CN< cwcj3L N0 j@3
L$C3Nj ,RN0CjCRNcY m,@C0 3j IYϺϺЎ nc30  LC,aR UaR$CN< cwcj3L
sCj@ j@CN jnN<cj3N jCUc Vr jCUcW CNcj30 R8 $RN0CN< sCa3cY M3uj
s3 sRnI0 ICG3 jR ,@3,G C8 j@3a3 a3 Nw 0C{3a3N,3c CN j@3 L3A
cna3L3Njc s@3N s3 IcR nc3 r jCUc CN  LC,aR UaR$CN< cwcj3L
jR ,RNj,j j@3 TjY BN 00CjCRN. j@Cc Cc U3a8RaL30 nN03a L$C3Nj
,RN0CjCRNcY
r jCUc sCj@  <3N3aI 0CL3j3a R8 χззƧL N0  ,RNj,j a3
R8 $Rnj ϺзƧL CN 0CL3j3a s3a3 nc30 jR ,RNj,j j@3 3N0c R8
j@3 Tj cjaCUY i@3 L3cna3L3Njc Ua3c3Nj30 CN s@j 8RIIRsc s3a3
U3a8RaL30 nN03a L$C3Nj ,RN0CjCRNcY i@3 cLUI3 sc <CN
,ILU30 $3js33N jsR ,RUU3a $IR,Gc sCj@ ,RUU3a UIj3c RN jRU jR
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magnetic field H (Oe)
∆T = 7.5K
7C<na3 ЙϺ- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ 8Ra
0C{3a3Nj CNAUIN3 j3LU3ajna3 <a0C3NjcY VW 8Ra ୩܇  зF. V$W 8Ra ୩܇  ЋχFY
χз
N3<I3,j RnjAR8AUIN3 ,RLURN3NjcY QN3 $IR,G sc @3j30 sCj@ 
a3cCcjCq3 DRnI3 @3j3a. j@3 Rj@3a RN3 ,RnI0 $3 G3Uj j aRRL j3LA
U3ajna3 $w N Ca ,RRICN< cwcj3L j@aRn<@ j@3 $IR,G jR nc3 Cj c 
@3j cCNGY i@3 j3LU3ajna3c s3a3 L3cna30 RN $Rj@ $IR,Gc sCj@
FAjwU3 j@3aLR,RnUI3c. cCLnIjN3RncIwY BN 7C<Y ЙϺ N0 7C<Y ЙЙ wRn
,N c33 j@3 a3cnIjc 8Ra 0C{3a3Nj CNAUIN3 j3LU3ajna3 <a0C3NjcY
 j3LU3ajna3 0C{3a3N,3 R8 æ܇  зF CN 7C<Y ЙϺ VW c@Rsc NR
cC<NC~,Nj 3{3,j ,RNcC03aCN< j@3 3uU3aCL3NjI ,,na,w s@C,@ Cc
NRCcC3a j@N j@3 a3cnIjc s3 R$jCN30 CN q,nnL sCj@  $RN0CN<
sCa3 ,RNj,jCN<Y #w UUIwCN< qaCRnc j3LU3ajna3 0C{3a3N,3c.
wRn ,N ,@C3q3  c3aC3c R8 ,RLUI3j3Iw cwLL3jaC, qRIj<3 ,naq3cY
i@3 qRIj<3 ,N $3 ,RLUa30 jR j@3 L3cna3L3Nj CN 7C<Y ϺЎ VW
R$jCN30 sCj@ j@3 cL3 ~u30 N<I3 ঢ  зnY i@3 0C{3a3Nj UaRUA
3ajC3c a3 j@3 R{c3j qRIj<3 ܉R{ j зQ3 N0 j@3 L<NCjn03 ܉0C{
R8 j@3 3{3,j Vj@3 0C{3a3N,3 $3js33N j@3 cjnaj30 qRIj<3 ܉cj
N0 j@3 LuCLnL qRIj<3 aRnN0 зQ3WY ܉0C{ Cc UaRURajCRNI jR
j@3 j3LU3ajna3 0C{3a3N,3 æ܇ $3js33N j@3 ,RUU3a $IR,Gc s@C,@
Cc c@RsN CN 7C<Y ЙЕY i@3c3 L3cna3L3Njc a3 IcR ,RNcCcj3Nj
sCj@ j@3 TM2 s3 Ia30w R$c3aq30 CN j@3 q,nnL c3jnU sCj@
 $RN0CN< sCa3 ,RNj,jCN<Y i@3 UaRURajCRNICjw R8 j@3 L<NCA
jn03 sCj@ j@3 j3LU3ajna3 0C{3a3N,3 q3aC~3c j@3 TM2 c s3II c
j@3 cwLL3jaw R8 j@3 qRIj<3 c  8nN,jCRN R8 j@3 L<N3jC, ~3I0Y
i@3a3 Cc IcR NR 3qC03N,3 R8  ibb2 c s3II c N M2 s@C,@
sRnI0 a3cnIj CN N NjCcwLL3jaC, ,RNjaC$njCRNY i@3a38Ra3. s3
,N ,RN,In03 j@j Rna c3jnU sCj@  LC,aR UaR$CN< cwcj3L N0
L3cna3L3Njc nN03a L$C3Nj ,RN0CjCRNc Cc ,,naj3 3NRn<@ jR
q3aC8w j@3 R$jCN30 a3cnIjc Ua3qCRncIw CN q,nnL sCj@  $RN0CN<
sCaCN<Y <CN.  a3IC$I3 CNAUIN3 j3LU3ajna3 <a0C3Nj ˚܇ܤ sc
UUIC30 N0 j@3a3 Cc NR 3qC03N,3 8Ra N nNCNj3N030 RnjAR8AUIN3
j3LU3ajna3 <a0C3Nj ˚܇ܦ s@C,@ sRnI0 a3cnIj CN N M2 N0













temperature difference ∆ T (K)
7C<na3 ЙЕ- i@3 0C{3a3N,3 $3A
js33N j@3 cjnaj30 qRIj<3
j @C<@ L<N3jC, ~3I0c N0
j@3 LuCLnL qRIj<3 ܉0C{
c  8nN,jCRN R8 j@3 j3LU3aA
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magnetic field H (Oe)
∆T = 16.6K
7C<na3 ЙЙ- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ 8Ra
0C{3a3Nj CNAUIN3 j3LU3ajna3 <a0C3NjcY VW 8Ra ୩܇  ϺϺЎF. V$W 8Ra ୩܇  ϺЎЎFY
χϺ
ϺϺЋ bY vY ?nN< 3j IY T@wcA
C,I `3qC3s H3jj3ac ϺзЋ
VЙзϺϺW ЙϺЎЎзϊd Y q3aw 3j IY
T@wcC,I `3qC3s H3jj3ac ϺзϮ
VЙзϺЙW ϺϮЎЎзЙd KY b,@LC0 3j
IY T@wcC,I `3qC3s H3jj3ac
ϺϺϺ VЙзϺЕW ϺοЋЙзϺd /Y K3C3a



















7C<na3 Йϊ- ibb2 ,RN~<naA
jCRN- i3LU3ajna3 <a0C3Nj˚܇ܤ N0 j@3 3uj3aNI L<A
N3jC, ~3I0 ۻ a3 UaII3I
IC<N30 N0 UUIC30 CN j@3
cLUI3 UIN3Y i@3 qRIj<3܉ Cc L3cna30 jaNcq3ac3Iw
j j@3 3N0c R8 j@3 Tj cjaCUY
N RnjAR8AUIN3 j3LU3ajna3˚܇ܦ ,N $3 CNj3NjCRNIIw CNA
0n,30 $w j@3 3I3,jaC,I ,RNA
j,jc RN j@3 Tj cjaCUY
QnjAR8AUIN3 j3LU3ajna3 <a0C3Njc
BN c3q3aI Un$IC,jCRNc 8Ra ibb2 L3cna3L3Njc RN TwgTj ~ILc
s@3N N NjCcwLL3jaC, ,RNjaC$njCRN R8 j@3 L3cna30 qRIj<3
sc R$c3aq30 Cj ,RnI0 $3 3uUICN30 $w N M2 0n3 jR  LCccA
CN< cC<N ,@N<3 c@RsN $w  a3q3acI R8 j@3 CNAUIN3 j3LU3ajna3
<a0C3Nj V,8Y i$Y ϺWYϺϺЋ i@3 a3URaj30 M2 sc CN0n,30 $w nNA
CNj3N030 RnjAR8AUIN3 j3LU3ajna3 <a0C3Njc 0n3 jR CLUaRU3a
cLUI3 LRnNjCN<Y BN LRcj ,c3c j@3 cLUI3 sc NRj ,ILU30
$3js33N ,RUU3a $IR,G N0 ,RUU3a UIj3 $nj RNIw URcCjCRN30 RN
jRU R8 ,RUU3a $IR,GcY i@3 cn$cjaj3c a3 Ln,@ j@C,G3a j@N j@3
j@CN ~ILc RN jRU N0 A 0n3 jR 0C{3a3Nj j@3aLI ,RN0n,jCqCjC3c R8
j@3 0C{3a3Nj Iw3ac A j@3a3 a3 j3LU3ajna3 0aRUc j j@3 CNj3a8,3cY
i@Cc ,N ,nc3 N RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj N0 N M2
aCc3cY
MRs. s3 sNj jR CNq3cjC<j3 s@j @UU3Nc s@3N N RnjAR8A
UIN3 j3LU3ajna3 <a0C3Nj ˚܇ܦ Cc CNj3NjCRNIIw UUIC30 V7C<Y ЙϊWY
i@Cc sw s3 ,N cjn0w j@3 $3@qCRna R8 j@3 NjCcwLL3jaC, ,RNA
jaC$njCRN CN j@3 qRIj<3 L3cna30Y i@Cc sCII IcR Ncs3a j@3
\n3cjCRN s@3j@3a N nNCNj3N030 ˚܇ܦ <3N3aj3c N M2 s@C,@
,N $3 LCcCNj3aUa3j30 c  ibb2Y
r3 sNj jR G33U  Ua3,Cc3Iw ,RNjaRII$I3 CNAUIN3 j3LU3aA
jna3 <a0C3NjY i@3a38Ra3. j@3 cLUI3 Cc cjCII ,ILU30 $3js33N j@3
,RUU3a $IR,GcY 7Ra N CNj3NjCRNIIw UUIC30 RnjAR8AUIN3 j3LU3aA
jna3 <a0C3Nj s3 nc3 j@3 ,RNj,j jCUc RN j@3 Tj cjaCUY #w ncCN<
j@C,G3a jCUc N0 CN,a3cCN< j@3 ,RNj,j a3 $3js33N jCU N0 Tj
cjaCU s3 R$jCN  c3,RN0 @3j cCNG 8Ra j@3 @3j Rs CN j@3 cLUI3Y
#Rj@ N CNAUIN3 @3j Rs $3js33N j@3 ,RUU3a $IR,Gc N0 N
RnjAR8AUIN3 @3j Rs 8aRL j@3 cLUI3 CNjR j@3 ,RNj,j jCUc a3
3uU3,j30Y BN ,RLUaCcRN jR j@CNN3a ,RNj,j jCUc j@Cc @3j Rs
c@RnI0 $3 Ia<3 3NRn<@ jR <3N3aj3  L3cna$I3 M2 CN j@3
Tw ~ILY BN j@3 8RIIRsCN< 3uU3aCL3Njc. s3 nc30 n jCUc sCj@ 
<3N3aI 0CL3j3a R8 ϺLL N0  ,RNj,j a3 R8 $Rnj зЙοLLЙ
s@C,@ qaC30 03U3N0CN< RN j@3 N<I3 R8 j@3 jCU sCj@ a3cU3,j jR
j@3 cLUI3 UIN3. j@3 Ua3ccna3 R8 j@3 ,RNj,jCN< N0 j@3 c@U3 R8
j@3 c@aU3N30 jCUY i@3a38Ra3. j@3 $cRInj3 qIn3 R8 j@3 @3j Rs
j@aRn<@ j@3 jCU sc NRj Ua3,Cc3Iw ,RNjaRII$I3 N0 ,RnI0 qaw 8Ra
3,@ N3s ,RNj,jCN< R8 j@3 cLUI3Y
BN 7C<Y Йχ j@3 qRIj<3 ܉ j j@3 3N0c R8 j@3 Tj cjaCU Cc UIRjj30
c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ 8Ra jsR 0C{3a3Nj
CNAUIN3 j3LU3ajna3 <a0C3NjcY BN 7C<Y Йχ VW j@3 j3LU3ajna3
0C{3a3N,3 Cc æ܇  ϺзF N0 CN 7C<Y Йχ V$W s3 UUIC30 æ܇  ЙзF
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magnetic field H (Oe)
∆T = 20K
7C<na3 Йχ- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ
8Ra 0C{3a3Nj CNAUIN3 j3LU3ajna3 <a0C3Njc ˚܇ܤ CN 00CjCRN jR N CNj3NjCRNIIw
CN0n,30 RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj ˚܇ܦ j@aRn<@ j@3 ,RNj,j jCUcY VW 7Ra୩܇  ϺзF. V$W 8Ra ୩܇  ЙзFY
8Ra $Rj@ L3cna3L3Njc. $nj j@3 a3IjCq3 c,ICN< aN<3 Cc 3\nI
8Ra  $3jj3a ,RLUaCcRN R8 j@3 L<NCjn03cY i@3 L<NCjn03c 8Ra
L3cna3L3Njc sCj@ N NjCcwLL3jaC, ,RNjaC$njCRN a3 03~N30
c j@3 qRIj<3 CN cjnajCRN V܉cjW LCNnc j@3 R{c3j qRIj<3 V܉R{WY
i@3a38Ra3. $Rj@ cjnaj30 qRIj<3c CN  aN<3 $3js33N ˥ϺззQ3 jR˥ϮзQ3 V܉c˥jW N0 ϮзQ3 jR ϺззQ3 V܉cjW s3a3 q3a<30 N0܉cj 
܉cj ˥܉c˥j  sc ,I,nIj30Y i@3 R{c3j qRIj<3 sc q3a<30 $w܉R{  
܉cj܉c˥j  Y BN 7C<Y ЙЎ j@3 NjCcwLL3jaC, Uaj VW N0 j@3
cwLL3jaC, Uaj V$W R8 7C<Y Йχ s3a3 c3Uaj30 Lj@3LjC,IIw N0
UIRjj30 c3Uaj3IwY 2,@ UIRj ,RNjCNc j@3 ,naq3c 8Ra æ܇  ϺзF
N0 ЙзF jR<3j@3a sCj@ j@3 a383a3N,3 L3cna3L3Nj 8Ra æ܇  зFY
i@3 R{c3j qRIj<3 ܉R{ sc a3LRq30 jR ,RLUa3 j@3 ,naq3c CN j@3
cL3 aN<3Y QN3 ,N c33 j@j ܉ܟ܎ܠ R8 j@3 NjCcwLL3jaC, Uaj Cc
UaRURajCRNI jR æ܇ c s3II c ܉0C{ R8 j@3 cwLL3jaC, UajY r3
Ia30w 03~N30 ܉0C{ CN j@3 Ua3qCRnc c3,jCRN c j@3 0C{3a3N,3
$3js33N j@3 qRIj<3 CN cjnajCRN ܉ܟ܎ܠ N0 j@3 LuCLnL qRIj<3
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magnetic field H (Oe)
 ∆T =   0K
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magnetic field H (Oe)
 ∆T =   0K
       = 10K
       = 20K
7C<na3 ЙЎ- Kj@3LjC,I c3UajCRN R8 j@3 jaNcq3ac3 qRIj<3 ܉ CNjR N NjCcwLA
L3jaC, Uaj VW N0  cwLL3jaC, Uaj V$W c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC,
~3I0 ۻ 8Ra 0C{3a3Nj CNAUIN3 j3LU3ajna3 <a0C3Njc ˚܇ܤY
χЕ
UaRU3aIw jjaC$nj30 jR j@3 TM2 0aCq3N $w j@3 UUIC30 CNAUIN3
j3LU3ajna3 <a0C3Nj ˚܇ܤY i@3 NjCcwLL3jaC, Uaj Cc NRs N
00CjCRNI ,RNjaC$njCRN ,nc30 $w ncCN< j@C,G3a ,RNj,j jCUc RN
j@3 Tj cjaCUY BN j@3 Ua3qCRnc c3,jCRNs3 @q3 c@RsNL3cna3L3Njc
sCj@ n $RN0CN< sCa3c RN j@3 Tj cjaCUY i@3c3 L3cna3L3Njc
s3a3 0RLCNj30 $w  cwLL3jaC, cC<NI N0 NR NjCcwLL3jaC,
,RNjaC$njCRN ,RnI0 $3 R$c3aq30Y i@3a38Ra3. s3 ,N ccnL3 j@j
j@3 NjCcwLL3jaC, Uaj CN 7C<Y ЙЎ VW Cc NRj 3{3,j30 $w j@3 jCU
Lj3aCI nc30 Vn Ra rW. $nj  a3cnIj R8  c3,RN0 @3j cCNG 0n3 jR
 Ia<3a ,RNj,j a3 N0 N nNCNj3N030 RnjAR8AUIN3 j3LU3ajna3
<a0C3Nj ˚܇ܦ c  ,RNc3\n3N,3Y 7Ra j@Cc a3cRN s3 ,N jjaC$nj3
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7C<na3 ЙЋ- VW.V$W 2uU3aCL3NjI 0j R8 j@3 jaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8
j@3 3uj3aNI L<N3jC, ~3I0 ۻ 8Ra ୩܇  ϺзF N0 ୩܇  ЙзF. a3cU3,jCq3IwY ܉ sc
L3cna30 sCj@ N0 sCj@Rnj n jCU @3jCN< sCj@  URs3a R8 ззЋr N0 зϺχr.
a3cU3,jCq3IwY V,W.V0W i@3 NjCcwLL3jaC, Uaj R8 j@3 3uU3aCL3NjI 0jY V3W.V8W i@3
cwLL3jaC, Uaj R8 j@3 3uU3aCL3NjI 0jY
χϊ
BN j@3 N3uj cj3U. s3 CNn3N,30 j@3 RnjAR8AUIN3 j3LU3ajna3
<a0C3Nj $w @3jCN< RN3 R8 j@3 n jCUc sCj@  <In30 Ϻχ GǬ a3cCcjRa
V7C<Y ЙοWY i@Cc a3cCcjRa Cc RNIw j@3aLIIw ,RNN3,j30 jR j@3 jCU N0
3I3,jaC,IIw CNcnIj30Y #w qRIj<3c nU jR Еχp @3jCN< URs3ac nU
jR зοr ,N $3 ,a3j30Y
BN 7C<Y ЙЋ j@3 <aU@c Ua3qCRncIw c@RsN V,8Y 7C<Y ЙЎW sCj@ CNA
UIN3 j3LU3ajna3 0C{3a3N,3c æ܇  ϺзF N0 æ܇  ЙзF s3a3
jG3N N0 ,RLUa30 sCj@ L3cna3L3Njc sCj@ j@3 cL3 æ܇ ,RLA
$CN30 sCj@  @3j30 n jCUY BN j@3 ,c3 R8 æ܇  ϺзF Cj sc
@3j30 sCj@  URs3a R8 ззЋr N0 8Ra æ܇  ЙзF sCj@  URs3a
R8 зϺχr CN Ra03a jR c33 N CNn3N,3Y i@3 NjCcwLL3jaC, N0 j@3
cwLL3jaC, ,RNjaC$njCRNc s3a3 IcR c3Uaj30 Lj@3LjC,IIwY Bj
$3,RL3c R$qCRnc j@j ܉ܟ܎ܠ CN j@3 NjCcwLL3jaC, Uaj 03,a3c3c
8Ra  @3j30 n jCUY i@3 cwLL3jaC, Uaj. @Rs3q3a. 0R3c NRj c@Rs
Nw cC<NC~,Nj ,@N<3Y bCN,3 s3 0C0 j@3 cL3 3uj3aNI L<N3jC,
~3I0 a3q3acI L3cna3L3Nj s3 ,N ccnL3 j@j j@3 Tw ~IL s3Nj
j@aRn<@ j@3 cL3 L<N3jCyjCRN a3q3acI UaR,3ccY i@3a38Ra3. s3
,N ,RN,In03 j@j j@3 CNAUIN3 j3LU3ajna3 <a0C3Nj ˚܇ܤ c@Rsc
NR cC<NC~,Nj ,@N<3 $nj j@3 RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj˚܇ܦ sc qaC30 a3<a0CN< 2\Y ϺχY i@3 ,naq3c sCj@ jCU @3jCN<
CN0C,j3  a30n,jCRN R8 ܉ܟ܎ܠY i@3 CNj3NjCRNIIw UaR0n,30 @3j Rs
8aRL j@3 n jCU ,RnNj3a,jc j@3 @3j Rs UaR0n,30 CN j@3 @3j30
+n $IR,G s@C,@ <R3c j@aRn<@ j@3 cLUI3Y i@3 j3LU3ajna3 <a0CA
3Nj ˚܇ܦ Cc a30n,30 N0 j@3 M2 Cc 03Ua3cc30Y i@3 TM2 CNcj30
Cc NRj cC<NC~,NjIw CNn3N,30. s@C,@ L3Nc j@j j@3 j3LU3ajna3
<a0C3Nj ˚܇ܤ Cc NRj cC<NC~,NjIw 0RLCNj30 $w j@3 jCU @3jCN<Y
MRs.s3sCII ,RN~aL j@3 0Ca3,jCRN R8 j@3 @3j Rs$w 3ICLCNjA
CN< j@3 CNAUIN3 j3LU3ajna3 <a0C3Nj N0 c3jæ܇ܤ  зF. $nj G33U
RN j@3 jCU @3jCN< sCj@  URs3a R8 ззЋrY 7C<Y ЙϮ <CN c@Rsc
j@3 L3cna30 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC,
~3I0 ۻ Y BN 7C<Y ЙϮ VW RN3 ,N c33 j@3 qRIj<3 cC<NI L3cna30Y
BN 7C<Y ЙϮ V$W j@3 qRIj<3 Cc UIRjj30 CN j@3 $c3N,3 R8 ܉ܛܓܓY i@3
qIn3 ,@C3q30 8Ra ܉ܟ܎ܠ c@Rsc j@3 RUURcCj3 cC<N jR ܉ܟ܎ܠ CN 7C<Y ЙЋY
i@Cc ,N $3 jjaC$nj30 jR j@3 8,j j@j j@3 RnjAR8AUIN3 @3j Rs
,RLURN3Nj <3N3aj30 $w j@3 @3j30 cLUI3 8aRL j@3 CNAUIN3
j3LU3ajna3 <a0C3Nj Cc ,N,3II30Y i@3 RnjAR8AUIN3 @3j Rs
Cc RNIw UaR0n,30 $w j@3 @3j30 jCUY i@3a38Ra3. j@3 3{3,jCq3 RnjA
R8AUIN3 j3LU3ajna3 <a0C3Nj c@Rsc  a3q3acI ,RLUa30 jR j@3
CNCjCI cCjnjCRNY i@3 ,@N<3 R8 cC<N CN j@3 M2 0aCq3N qRIj<3
0n3 jR  a3q3acI R8 j@3 RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj ,N
$3 LCcCNj3aUa3j30 c j@3 3uU3,j30 ,@N<3 R8 cC<N CN j@3 Bb?2
qRIj<3 R8 j@3 ibb2 s@C,@ Cc 3uU3,j30 c  a3cnIj R8  a3q3acI R8

















7C<na3 Йο- ibb2 ,RN~<naA
jCRN sCj@ jCU @3jCN<- i3LA
U3ajna3 <a0C3Nj ˚܇ܤ N0
j@3 3uj3aNI L<N3jC, ~3I0ۻ a3 UaII3I IC<N30 N0
UUIC30 CN j@3 cLUI3 UIN3Y
i@3 qRIj<3 ܉ Cc L3cna30
jaNcq3ac3Iw j j@3 3N0c R8
j@3 Tj cjaCUY N RnjAR8AUIN3
j3LU3ajna3 ˚܇ܦ ,N $3 CNA
j3NjCRNIIw CN0n,30 $w N jA
j,@30 a3cCcjRa ܅ j j@3 3I3,A
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magnetic field H (Oe)
∆Tx = 0K
tip heating on
7C<na3 ЙϮ- VW.V$W 2uU3aCL3NjI 0j R8 j@3 jaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8
j@3 3uj3aNI L<N3jC, ~3I0 ۻ sCj@ NR CNAUIN3 j3LU3ajna3 <a0C3Nj ˚܇ܤ $nj
sCj@  @3j30 n jCU jR UaR0n,3 N RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj ˚܇ܦY VW
2uU3aCL3NjI 0j sCj@ R{c3j. V$W j@3 cL3 L3cna3L3Nj sCj@Rnj R{c3j qRIj<3
V,3Nj3a30 aRnN0 зƧpW UIRjj30 j  Ia<3a c,I3 8Ra $3jj3a ,RLUaCcRN jR j@3
Ua3qCRnc 0jY
ϺϺο bY vY ?nN< 3j IY T@wcCA
,I `3qC3s H3jj3ac ϺзЋ VЙзϺϺW
ЙϺЎЎзϊ
,@N<3 R8 cC<N ,RnI0 $3 R$c3aq30 $w LRqCN< j@3 Tj cjaCU 8aRL j@3
@Rj jR j@3 ,RI0 cLUI3 3N0Y 7naj@3aLRa3. s@3N N nNCNj3N030
RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj ˚܇ܦ UU3ac sCj@  0C{3a3Nj
cC<N 8aRL RN3 cLUI3 3N0 jR j@3 Rj@3a. N nNCNj3N030 M2 sCj@
0C{3a3Nj cC<N ,RnI0 UU3a s@C,@ sRnI0 $3 LCcCNj3aUa3j30 c 
ibb2Y i@Cc 8,j c@Rsc j@j njLRcj ,a3 Cc a3\nCa30 $w a3ICyCN<
j@Cc GCN0 R8 3uU3aCL3NjY
/Cc,nccCRN
BN II L3cna3L3Njc s3 CN0n,30  cRI3Iw CNAUIN3 j3LU3ajna3
<a0C3Nj $w ,ILUCN< j@3 cLUI3c $3js33N jsR ,RUU3a UIj3c RN
3,@ cC03Y 7naj@3aLRa3. s3 ,@C3q30  Una3 TM2 s@3N j@CN r
jCUc Ra j@CN n $RN0CN< sCa3c s3a3 nc30Y i@3a3 sc NR cC<NC~A
,Nj N0 ,RNcCcj3Nj 0C{3a3N,3 $3js33N j@3 cjnaj30 qRIj<3c 8Ra
URcCjCq3 N0 N3<jCq3 L<N3jC, ~3I0 s@C,@ sRnI0 UaR0n,3 L3A
cna$I3 M2 cC<NIY i@Cc sRnI0 3q3N $3 3uU3,j30 8Ra cLII RnjA
R8AUIN3 j3LU3ajna3 <a0C3NjcY i@Cc nNCNj3N030 RnjAR8AUIN3
,RNjaC$njCRN ,RnI0 RNIw $3 R$jCN30 $w ncCN< j@C,G3a N330I3c
sCj@  Ia<3a ,RNj,j a3 jR <3j  c3,RN0 @3j cCNG 8Ra j@3 @3j
UaR0n,30 RN j@3 @Rj cC03 R8 j@3 cLUI3Y i@3N  L3cna$I3
NjCcwLL3jaC, ,RNjaC$njCRN sc ,@C3q30 sCj@ a3cU3,j jR j@3
L<N3jC, ~3I0Y i@3 NjCcwLL3jaC, qRIj<3 ,RNjaC$njCRN ,N $3 jA
jaC$nj30 jR j@3 M2 ,RNcC03aCN< j@j j@Cc ,RNjaC$njCRN ,RnI0 NRj
$3 R$c3aq30 $w ncCN< j@CNN3a n $RN0CN< sCa3cY ?Rs3q3a. j@Cc
3{3,j sc R$jCN30 j j@3 3N0c R8  Tj cjaCU RN jRU R8 j@3 Tw ~IL
s@3N  URccC$I3 ibb2 ,N $3 03j3,j30Y ?nN< 3j IYϺϺο @q3 RNIw
CNq3cjC<j30 Tw ~ILc sCj@Rnj Tj Ra sCj@  ,RLUI3j3 Tj ~IL RN
χЎ
jRUY i@3 Ijj3a sRnI0 c@RajA,Ca,nCj j@3 ,RLUI3j3 cLUI3Y DsRacGC
3j IYϺϺϮ a3URaj30 jR cnUUa3cc j@Cc 3{3,j s@3N j@3w L3cna30 j@3
qRIj<3 RN j@3 Tj cjaCU CNcj30 R8 Tj URCNj ,RNj,jc RN ;KNcY
r3 ,RnI0 NRj R$c3aq3  ,RLUI3j3 cnUUa3ccCRN R8 j@3 M2 cC<NI
$w ncCN<  Tj cjaCUY
q3aw 3j IYϺЙз. CN j@3Ca sRaG. 3cjCLj30 N nUU3a ICLCj 8Ra j@3
ibb2 s@C,@ sc j@3 3uU3aCL3NjI 3aaRa R8 $Rnj χ NpY BN Rna
CNq3cjC<jCRNc s3 ,N IcR 3cjCLj3  URccC$I3 nUU3a ICLCj 8Ra j@3
ibb2Y r3 jG3 j@3 L3cna3L3Nj c@RsN CN 7C<Y ϺЎ VW R$jCN30
sCj@  j3LU3ajna3 0C{3a3N,3 R8 æ܇  ЕχF s@3a3 j@3 NRCc3 sc
LRN< j@3 cLII3cj s3 R$jCN30Y r3 ,N 3cjCLj3  0C{3a3N,3 CN
j@3 cjnaj30 qRIj<3 8Ra URcCjCq3 N0 N3<jCq3 L<N3jC, ~3I0cY
 0C{3a3N,3 R8 $Rnj Ез Np ,N $3 R$jCN30Y M3q3aj@3I3cc. j@3
cC<N R8 j@Cc 0C{3a3N,3 sc NRj ,RNcCcj3Nj s@3N c3q3aI L3cna3A
L3Njc sCj@ j@3 cL3 UaL3j3ac s3a3 ,RLUa30Y MR cC<NC~,N,3
sc 8RnN0 CN j@Cc 0C{3a3N,3Y KRa3Rq3a. m,@C0 3j IYϺЙϺ a3URaj30
N Bb?2 qRIj<3 U3a F3IqCN R8 j3LU3ajna3 0C{3a3N,3 L3cna30
RN  ϊLL IRN< Tj cjaCU R8 $Rnj ЙЎ  Ϻз˥Ћ pF˥ϺY 7Ra  ibb2
,RNjaC$njCRN R8 $Rnj Ез Np s3 sRnI0 R$jCN  qIn3 R8 $Rnj
зззο χЋ  Ϻз˥Ћ pF˥Ϻ RN  χLL IRN< Tj cjaCUsCj@ j@3 cL3sC0j@
N0 j@C,GN3cc R8 ϺззƧL N0 ϺзNL. a3cU3,jCq3IwY i@3 j3LU3aA
jna3 <a0C3Nj sc UUIC30 Rq3a j@3 cL3 I3N<j@ R8 ϺзLL N0 j@3
Tw j@C,GN3cc sc IcR j@3 cL3 R8 $Rnj Йз NLY
i@3 sRaG R8 b,@LC0 3j IYϺЙЙ a3q3Ic N nUU3a ICLCj R8 $Rnj
Йз Np 8Ra j@3 ibb2 CN TwgTj cLUI3c s@C,@ Cc CNcC03 j@3Ca 3uU3aA
CL3NjI 3aaRaY i@Cc ,Raa3cURN0c jR  qIn3 R8 зззο  Ϻз˥Ћ pF˥Ϻ
s@3N  j3LU3ajna3 0C{3a3N,3 R8 æ܇  ЙχF Cc UUIC30 $3js33N
j@3 cLUI3 3N0cY i@3 cLUI3c nc30 s@3a3 C03NjC,I jR j@3 cLA
UI3c Ua3c3Nj30 CN j@Cc sRaGY
rN< 3j IYϺЙЕ LN<30 jR Ua3c3Nj j@3 cL3 ,RNjaC$njCRNc
R8 TM2 N0 M2 ,RLUa30 jR Rna a3cnIjc CN TwgTj ~ILcY Bj
,N $3 ccnL30 j@j j@3Ca nNCNj3N030 RnjAR8AUIN3 j3LU3ajna3
<a0C3Nj sc ,nc30 $w LRnNjCN< j@3 cLUI3 RN ,RUU3a $IR,Gc
sCj@Rnj ,ILUCN<. Ia<3 a3c R8 3I3,jaC,I ,RNj,jc s@C,@ s3a3
NRj 8naj@3a 03c,aC$30 3u,3Uj 8Ra j@3 nc3 R8 cCIq3a Ucj3 8Ra j@3
+n sCa3c. N0 a0CjCRN CNjR j@3 jLRcU@3a3Y i@3 jj3LUj jR
c3Uaj3 j@3 NjCcwLL3jaC, qRIj<3 CNjR N M2 N0  URccC$I3
bb2 ,RNjaC$njCRN ,NNRj 3u,In03 Nw 3uU3aCL3NjI 3aaRa $w ,RLA
UaCN< 0C{3a3Nj cLUI3c Ra j@3 3uCcj3N,3 R8 j@3 Hbb2 CNcj30 R8
j@3 ibb2Y Qna L3cna3L3Njc c@Rs j@3 3NRaLRnc 3{3,j R8 j@3
L3cna3L3Nj ,RN0CjCRNc s@C,@ ,N CNn3N,3 j@3 qRIj<3 cC<NI
$w 00CN< nNCNj3N030 cC03 3{3,jcY
ϺϺϮ +Y KY DsRacGC 3j IY
Mjna3 Kj3aCIc Ϯ VЙзϺзW
οϮο
ϺЙз Y q3aw 3j IY T@wcC,I
`3qC3s H3jj3ac ϺзϮ VЙзϺЙW
ϺϮЎЎзЙ
ϺЙϺ FY m,@C0 3j IY DRnaNI
R8 UUIC30 T@wcC,c ϺзЋ
VЙзϺзW зϮϮχϺ
ϺЙЙ KY b,@LC0 3j IY T@wcC,I
`3qC3s H3jj3ac ϺϺϺ VЙзϺЕW
ϺοЋЙзϺ
ϺЙЕ bY ?Y rN< 3j IY T@wcC,I
`3qC3s # οο VЙзϺЕW ЙϺϊЕзϊ
χЋ
ϺЙϊ KY b,@LC0 3j IY T@wcC,I
`3qC3s H3jj3ac ϺϺϺ VЙзϺЕW
ϺοЋЙзϺ
ϺЙχ QY KRc3N0y 3j IY T@wcA
C,I `3qC3s # οЙ VЙзϺзW
ЙϺϊϊзЕd [Y x@N< 3j IY UA
UIC30 T@wcC,c H3jj3ac ϮϮ
VЙзϺϺW ϺЋЙϺзχ
r@3N 0C{3a3Nj TwgTj cLUI3c a3 ,RLUa30 s@C,@ a3 nc30
CN ibb2 CNq3cjC<jCRNc RN3 R8 j@3 LRcj CLURajNj UaRU3ajC3c Cc j@3
cUCNALCuCN< ,RN0n,jN,3 ܔɤɦY  cLII Ra 3q3N cnUUa3cc30 cUCNA
LCuCN< ,RN0n,jN,3 j j@3 CNj3a8,3 ,N G33U j@3 cUCN ,naa3Nj
8aRL 3Nj3aCN< j@3 cUCN 03j3,jRa Lj3aCIY i@3N. NR Bb?2 qRIj<3
,N $3 L3cna30 N0 j@3 ibb2 Cc NRj 03j3,j$I3Y 7Ra j@3 CNq3cA
jC<j30 TwgTj cLUI3c CN j@Cc sRaG $Rj@ j@3 Tw N0 j@3 Tj s3a3
03URcCj30 CNAcCjn sCj@ NR q,nnL $a3GY b,@LC0 3j IYϺЙϊ 0C0
cUCN UnLUCN< 3uU3aCL3Njc RN C03NjC,I cLUI3c N0 s3a3 $I3 jR
03j3aLCN3  qIn3 R8 ܔɤɦ  Й  ϺзϺχ L˥ЙY i@Cc qIn3 Cc 8Rna Ra03ac
R8 L<NCjn03 cLII3a j@N j@3Ra3jC,IIw Ua30C,j30 N0 3uU3aCA
L3NjIIw ,RN~aL30 qIn3c R8 $Rnj ܔɤɦ  Й  ϺзϺϮ L˥Й a3URaj30
$w Rj@3a <aRnUcYϺЙχ i@Cc Cc. R8 ,Rnac3. RN3 R8 j@3 LCN URCNjc R8
,aCjC,CcL CN j@3 a<nL3Nj 8Ra  cnUUa3cc30 ibb2Y mN8RajnNj3Iw.
j@3a3 a3 NR a3URaj30 qIn3c R8 j@3 cUCNALCuCN< ,RN0n,jN,3 CN
j@3 ~acj N0 RNIw a3URajc R8 j@3 ibb2 CN TwgTj cLUI3cY
?Rs3q3a. Rna CNq3cjC<jCRNc cnLLaCy3 j@3 UU3aN,3 R8
nNCNj3N030 M3aNcj 3{3,jc 8Ra 0C{3a3Nj ,RNj,jCN< L3j@R0cY r3
s3a3 $I3 jR R$jCN N0 ccC<NL3cna3L3Njc sCj@ cRI3Iw CNAUIN3
j3LU3ajna3 <a0C3Njc $nj sCj@ NR ibb2 CN j@3 qRIj<3Y 8j3a
j@j. s3LN<30 jR CN0n,3 N RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj
jR UaR0n,3 qRIj<3 ,RNjaC$njCRNc s@C,@ a3 NjCcwLL3jaC, sCj@
a3cU3,j jR j@3 3uj3aNI L<N3jC, ~3I0Y i@3c3 NjCcwLL3jaC, ,RNA
jaC$njCRNc ,N c33L ICG3  ibb2. $nj s3 s3a3 $I3 jR 0CcjCN<nCc@
$3js33N  <3NnCN3 ibb2 N0 N nNCNj3N030 M2Y i@3 NjCcwLA
L3jaC, ,RNjaC$njCRN sc. j@3a38Ra3. jjaC$nj30 jR j@3 M2 N0 
cC<NC~,Nj ibb2 ,RNjaC$njCRN ,RnI0 03~NCj3Iw NRj $3 R$c3aq30Y
i@3 83aaRL<N3j Tw Cjc3I8 N0 CN ,RL$CNjCRN sCj@ N 0A
E,3Nj cUCN 03j3,jRa ICG3 Tj a3 cjCII q3aw CNj3a3cjCN< 8Ra 8naj@3a
CNq3cjC<jCRNc CN cUCNjaRNC,cY i@3c3 CNq3cjC<jCRNc CN,In03 j@3
<3N3ajCRN R8 cUCN ,naa3Njc 0n3 jR cUCN UnLUCN< 3uU3aCL3Njc
N0 j@3 03j3,jCRN R8 j@3c3 cUCN ,naa3Njc 0n3 jR j@3 Bb?2 CN j@3
TjY bUCN 0wNLC,c N0 R8 ,Rnac3 II a3Ij30 UaL3j3ac cn,@ c
cUCN 0C{ncCRN I3N<j@. cUCN LCuCN< ,RN0n,jN,3c R8 j@3 CNj3a8,3
N0 cUCN ?II N<I3c R8 0C{3a3Nj cUCN 03j3,jRa Lj3aCIc ,N $3
L3cna30 q3aw 3cCIw sCj@ TwY Bj jnaN30 Rnj j@j cUCN,IRaCjaRNA
C,c 3uU3aCL3Njc. 3cU3,CIIw j@3 <3N3ajCRN R8 Una3 cUCN ,naa3Njc
0aCq3N $w @3j. a3 q3aw 0C|,nIj jR U3a8RaLY ?Rs3q3a. Tw N0
83aaRL<N3jC, ,RN0n,jRac CN <3N3aI a3 NRj Rnj R8 j@3 <L3 CN
cUCN,IRaCjaRNC,cY 7naj@3a CNq3cjC<jCRNc N0 N3s j3,@NC\n3c 8Ra
0CcjCN<nCc@CN< $3js33N cUCN ,naa3Njc N0 cUCNA03U3N03Nj ,@a<3
,naa3Njc a3 a3\nCa30Y
χο
bUCN b33$3,G 3{3,j CN wjjaCnL CaRN
<aN3j
i@Cc ,@Uj3a 03Ic sCj@ j@3 CNq3cjC<jCRN R8 j@3 cUCN b33$3,G 3{3,j RN j@3
L<N3jC, CNcnIjRa wjjaCnL CaRN <aN3j VvД73φQϹИ. vB;WY BN j@3 $3<CNA
NCN< s3 CNjaR0n,3 j@3 cLUI3 cwcj3L N0 <Cq3 N Rq3aqC3s R8 j@3 LCN
U@wcC,I UaRU3ajC3cY 7naj@3aLRa3. j@3 LCN 0qNj<3c R8 j@Cc Lj3aCI
8Ra cUCN ,IRaC, UUIC,jCRNc sCII $3 CIIncjaj30Y BN j@3 LCN Uaj R8 j@Cc
,@Uj3a j@3 3uU3aCL3NjI a3cnIjc a3 Ua3c3Nj30Y 8j3a j@j. j@3c3 a3cnIjc
a3 0Cc,ncc30 CN j3aLc R8 j@3 R$c3aq30 3{3,jc N0 j@3Ca CLURajN,3 8Ra
cUCN ,IRaCjaRNC,cY r3 ,RLUI3j3 j@Cc ,@Uj3a sCj@  c@Raj ,RN,IncCRN
N0 N RnjIRRG RN 8naj@3a UUIC,jCRNc R8 L<N3jC, CNcnIjRacY KRcj R8
j@3 a3cnIjc s3a3 Un$ICc@30 CN ЙзϺχYϺЙЎ
vjjaCnL BaRN ;aN3j
i@3 L<N3jC, CNcnIjRa wjjaCnL CaRN <aN3j VvД73φQϹИ. vB;W Cc 
,RLURnN0 R8 ϺЎз jRLc U3a nNCj ,3II sCj@  IjjC,3 ,RNcjNj R8
ϺЙЕο NLY 2,@ nNCj ,3II ,RNjCNc ο 8RaLnI nNCjc R8 vД73φQϹИY Bj
Cc  N3jsRaG ,RNcCcjCN< R8 Ij3aNjCN< 73ДZQωAj3ja@30aRNc N0
73ДZQЍAR,j@30aRNc s@C,@ c@a3 ,RLLRN ,RaN3acY BNcC03 j@Cc
j3ja@30aRNAR,j@30aRN N3jsRaG RN3 ,N ~N0 vДZ CRNc s@C,@
8RaL vИZQξA0R03,@30aRNcY i@3 vДZ CRNc @q3 NR nNUCa30 3I3,A
jaRNc. s@C,@ ,nc3c CN ܆   N0 ۿ   8Ra j@3 jRjI cUCN N0 jRjI
Ra$CjI N<nIa LRL3NjnL. a3cU3,jCq3IwY i@3w 0R NRj ,RNjaC$nj3
jR j@3 N3j L<N3jCyjCRNY i@3 73ДZ CRNc @q3 ~q3 nNUCa30 3I3,A
jaRNc CN ܑ Ra$CjIc s@C,@ I30 jR ܆   N0 ۿ  Y i@3 73ДZ cn$
IjjC,3c a3 NjCUaII3I IC<N30 0n3 jR  cnU3a 3u,@N<3 CNj3a,A
jCRN j@aRn<@ j@3 Ruw<3N CRNcY 7Ra 3,@ 8RaLnI nNCj j@3a3 a3
jsR 73ДZ RN j@3 R,j@30aI cCj3c s@C,@ ,RNjaC$nj3 sCj@ ভ۵ N0
j@a33 73ДZ RN j@3 j3ja@30aI cCj3c s@C,@ ,RNjaC$nj3 sCj@ ভ۵ CN
j@3 RUURcCj3 0Ca3,jCRNY i@Cc a3cnIjc CN  83aaCL<N3jC, cjj3 sCj@ভ۵ j зFYϺЙЋ
ϺЙЎ /Y K3C3a 3j IY Mjna3
+RLLnNC,jCRNc Ў VЙзϺχW
οЙϺϺ
ϺЙЋ Y TRI3jjCY T@wcC,c R8
K<N3jC, ;aN3jc VϺϮЋοW
TaRU3ajw pIn3 mNCj `38Y
HjjC,3 ,RNcjNj ଑ ϺЙЕο NL VW
+naC3 j3LU3ajna3 i۶ ЙЋЙ ˫+ VW
bjnajCRN L<N3jCyjCRN ϺЋзз <ncc VW
73aaCL<N3jC, a3cRNN,3 зЙ jR Ћз Q3 VW
ICN3 sC0j@ æۻ
/LUCN< ,RNcjNj οχο  Ϻз˥χ V$W
`3cCcjCqCjw Е  ϺзϺϺ Ǭ ,L VW
i$I3 Й- KCN UaRU3ajC3c R8 vB; jG3N 8aRL VW iY ?Y `Lc3w N0 V$W ?Y +@N< 3j
IYϺЙο i@3 0LUCN< ,RNcjNj $w ?Y +@N< 3j IY Cc ,naa3NjIw j@3 IRs3cj 0LUCN<
8Ra NNRL3j3a j@C,G 7K ~ILcY
ϺЙο iY ?Y `Lc3wY DRnaNI
R8 j@3 L3aC,N +3aLC,
bR,C3jw ϊЙ VϺϮχϮW Ўϊχd ?Y
+@N< 3j IY B222 K<N3jC,c
H3jj3ac χ VЙзϺϊW ЎЋззϺзϊ
ϺЙϮ vY FECsa 3j IY Mjna3
ϊЎϊ VЙзϺзW ЙЎЙ
ϺЕз iY HCn 3j IY DRnaNI R8
UUIC30 T@wcC,c ϺϺχ VЙзϺϊW
ϺЋχзϺ
ϺЕϺ 2Y TRURq 3j IY i@3
2naRU3N T@wcC,I DRnaNI #
ЕϺ VЙззЕW ЎϮ
ϺЕЙ Y Y b3a< 3j IY DY T@wcY
/- UUIY T@wcY ϊЕ VЙзϺзW
ЙЎϊззЙ
 cnLLaw R8 j@3 LRcj CLURajNj UaRU3ajC3c R8 vB; Cc Ua3A
c3Nj30 CN i$Y Й jG3N 8aRL iY ?Y `Lc3w N0 ?Y +@N<YϺЙο /n3
jR j@3 Ia<3 NnL$3a R8 jRLc CN j@3 nNCj ,3II vB; @c  q3aw Ia<3
IjjC,3 ,RNcjNj R8 $Rnj ϺЙЕο NLY  +naC3 j3LU3ajna3 R8 $Rnj
ЙЋЙ ˫+ ccna3c  cj$I3 L<N3jC, cjj3 j aRRL j3LU3ajna3Y 7naA
j@3aLRa3. vB; Cc  q3aw <RR0 CNcnIjRa sCj@  $N0 <U R8 $Rnj
ЙЋ 3p s@C,@ a3cnIjc CN @C<@ a3cCcjCqCjwYϺЙϮ
7Ra 03URcCjCRN UaR,3cc3c j@3 cn$cjaj3c jwUC,IIw nc30 a3
<0RICNCnL <IICnL <aN3j V;0Д;φQϹИ. ;;;W N0 wjjaCnL InA
LCNCnL <aN3j VvДIφQϹИ. v;WY ;;; 3u@C$Cjc j@3 cL3 IjjC,3
,RNcjNj s@C,@ LG3c Cj RN3 R8 j@3 LRcj URUnIa cn$cjaj3c 8Ra
vB; 8$aC,jCRNY mN8RajnNj3Iw. RN3 R8 j@3 0Cc0qNj<3c Cc j@j
vB; N0 ;;; a3 ILRcj CN0CcjCN<nCc@$I3 CN uAaw 0C{a,jCRNê ˥ ê c,Nc. s@C,@ a3 R8j3N nc30 8Ra ,@a,j3aCcjCRN 0naCN<
j@3 8$aC,jCRN UaR,3ccY 7naj@3aLRa3. ;;; c@Rsc  Ia<3 UaLA
<N3jC, ,RNjaC$njCRN CN L<N3jCyjCRN L3cna3L3NjcY ?Rs3q3a.
RN3 Ij3aNjCq3 L3j@R0 8Ra 3qInjCN< Cjc ,awcjIICNCjw Cc 7K`Y
vB; @c <Rj j@3 IRs3cj L<N3jC, 0LUCN< 8,jRa GNRsN nU jR
NRs sCj@ qIn3c R8 $Rnj Ϻ  Ϻз˥Е CN j@CN VЎ NL jR ЙЋNLW cUnjA
j3a30 ~ILcϺЕз N0 ЎЋ  Ϻз˥χ CN ϺЕƧL j@C,G ~ILcϺЙϮ 03URcCj30 $w
IC\nC0 U@c3 3UCjuwY i@nc. vB; ~ILc s@C,@ @q3 <aRsN LRa3
,awcjIICN3 c@Rs  cLRRj@3a 7K` U3G sCj@  NaaRs ICN3sC0j@
s@C,@ Cc UaRURajCRNI jR j@3 0LUCN< ,RNcjNjY BNcj30. v;
cn$cjaj3c a3 NRj UaL<N3jC,. $nj j @C<@ j3LU3ajna3c. s@C,@
a3 N3,3ccaw 8Ra ,awcjIICN3 ~IL <aRsj@. InLCNCnL ,N 0C{nc3
CNjR j@3 vB;Y i@Cc 0C{ncCRN ,N ,nc3 jsR cn$Iw3ac. vB; N0
vД73φAuIuQϹИ. s@C,@ ,N $Rj@ c@Rs N 3u,@N<3 ,RnUICN<YϺЕϺ
/n3 jR 3uja3L3Iw IRs 0LUCN< N0 j@3 I,G R8 ,@a<3 ,aaC3ac
vB; R{3ac  @C<@ URj3NjCI 8Ra CNq3cjC<jCRNc RN L<NRNc. j@3
\nNj R8 cUCN sq3cY i@Cc ~3I0 R8 a3c3a,@ Cc ,II30L<NRNC,cYϺЕЙ
Ўз
i@3 njCICyjCRN R8 vB; c  sq3<nC03 8Ra cUCN sq3c sCj@ 
a3IjCq3Iw IRN< UaRU<jCRN 0CcjN,3 I30c jR cUCNAsq3 IR<C,
03qC,3c ICG3 L<NRN jaNcCcjRacϺЕЕ s@C,@ <Cq3 aCc3 jR L<NRNC,
$c30 ,RLUnj3acYϺЕϊ
i@3 ~acj a3cnIjc R8 vB; ~ILc s3 a3 Ua3c3NjCN< s3a3 CNq3cjCA
<j30 CN j3aLc R8 j@3 bb2 CN j@3 jaNcq3ac3 ,RN~<najCRNY i@3a3A
8Ra3.  j3LU3ajna3 <a0C3Nj ˚܇ܤ sc UUIC30 CN j@3 CNAUIN3
0Ca3,jCRN sCj@  UaII3I IC<N30 3uj3aNI L<N3jC, ~3I0 ǖۻ c
c@RsN $38Ra3 8Ra TwgTjY i@3 vB; ~ILc s3 nc30 s3a3 LRcjIw
8$aC,j30 $w UnIc30 Ic3a 03URcCjCRN VTH/W 8aRL  cjRC,@CRL3jaC,
URIw,awcjIICN3 ja<3jY /naCN< j@3 <aRsj@ UaR,3cc j@3 cn$cjaj3
sc @3j30 j  j3LU3ajna3 R8 $Rnj ЋϺз ˫+ N0 8Ra j@3 RuC0jCRN
N Ruw<3N Ua3ccna3 R8 $Rnj ϺзLiRaa sc ~u30Y i@3 Ic3a $3L
@0  8a3\n3N,w R8 Ϻз?y N0 N 3N3a<w 03NcCjw R8 зο D ,L˥ЙY
2uU3aCL3NjI a3cnIjc
ibb2 L3cna3L3Njc RN vB;gTj
7Ra j@3 ibb2 L3cna3L3Njc  Ϻοз NL j@C,G vB; ~IL 03URcCj30
RN χ  χLLЙ ;;; VϺϺϺWARaC3Nj30 cn$cjaj3c $w TH/ s3a3 nc30Y
 Ϻз NL j@CN Tj cjaCU sc 03URcCj30 RN jRU $w L<N3jaRN cUnjA
j3aCN< j@aRn<@  cUICj LcG RN RN3 cC03 R8 j@3 vB; ~IL sCj@ 
sC0j@ R8 ϺззƧLY i@3 vB; ~IL c@Rsc  cjnajCRN L<N3jCyjCRN
R8 ܀܆  ϺЙз GL˥Ϻ N0  ,R3a,Cq3 ~3I0 R8 $Rnj ϺззQ3Y K3A
cna3L3Njc CN j@3 ibb2 ,RN~<najCRN RN vB;gTj s3a3 R$jCN30 CN
q,nnL N0 nN03a L$C3Nj ,RN0CjCRNcY 7Ra j@3 L3cna3L3Njc
CN q,nnL j@3 Tj cjaCU sc ,RNj,j30 $w n $RN0CN< sCa3c sCj@
ЙχƧL CN j@C,GN3ccY 7naj@3aLRa3. 8Ra j@3 L3cna3L3Njc nN03a
L$C3Nj ,RN0CjCRNc j@3 Tj cjaCU sc ,RNj,j30 $w r N0 n jCUc
sCj@ 0C{3a3Nj 0CL3j3ac N0 ,RNj,j a3cY i@3a38Ra3.  LC,aR
UaR$CN< cwcj3L sc nc30 s@C,@ sc CNjaR0n,30 8Ra j@3 CNq3cA
jC<jCRNc RN TwgTj ~ILcY Bj ,RnI0 $3 c@RsN j@j $Rj@ c3jnUc
@q3 j@3 $CICjw jR UUIw  Una3 CNAUIN3 j3LU3ajna3 <a0C3Nj
sCj@Rnj Nw nNCNj3N030 RnjAR8AUIN3 ,RNjaC$njCRNc s@3N j@3
cLUI3 Cc ,ILU30 N0 j@CN jCUc Ra N330I3c sCj@  cn|,C3NjIw
cLII ,RNj,j a3 a3 nc30 8Ra L3cna3L3Njc nN03a L$C3Nj
,RN0CjCRNcY 7Cacj R8 II. j@3 cLUI3 sc L3cna30 CN q,nnL jR
<3j j@3 $3cj a3cRInjCRN CN j@3 qRIj<3 L3cna3L3Nj c R$jCN30
8Ra TwgTj ~ILc s@3N n $RN0CN< sCa3c s3a3 nc30Y i@3a38Ra3.
j@3 cLUI3 sc ,ILU30 $3js33N jsR ,RUU3a $IR,Gc jR UUIw j@3
CNAUIN3 j3LU3ajna3 <a0C3NjY MR 8naj@3a 3I3,jaC,I CNcnIjCRN
sc N33030 0n3 jR j@3 CNcnIjjCN< ;;; cn$cjaj3 $3IRs c s3II
ϺЕЕ Y pY +@nLG 3j IY
Mjna3 +RLLnNC,jCRNc
χ VЙзϺϊW ϊЋзз
ϺЕϊ #Y H3q3N 3j IY T@wcCG CN
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7C<na3 Ез- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ
L3cna30 CN q,nnL sCj@ j@CN n $RN0CN< sCa3c RN j@3 Tj cjaCU VaC<@j cG3j,@W
8Ra 0C{3a3Nj CNAUIN3 j3LU3ajna3 <a0C3Njc ˚܇ܤY VW Tj cjaCU RN j@3 @Rj cC03. V$W
Tj cjaCU RN j@3 ,RI0 cC03 R8 j@3 cLUI3Y
c j@3 CNcnIjCN< vB; ~IL RN jRU R8 j@3 cLUI3Y i@3 Tj cjaCU sc
UI,30 N3a j@3 @Rj cLUI3 cC03 s@C,@ sc ,RNj,j30 $w j@3 n
$RN0CN< sCa3c jR L3cna3 j@3 jaNcq3ac3 qRIj<3 c  8nN,jCRN
R8 j@3 3uj3aNI L<N3jC, ~3I0 s@C,@ sc UUIC30 UaII3I jR æ܇ܤY
i@Cc L3cna3L3Nj sc 0RN3 8Ra qaCRnc j3LU3ajna3 0C{3a3N,3c
CN,In0CN< æ܇ܤ  зF V7C<Y ЕзWY r3 ,RnI0 NRj R$c3aq3 Nw cC<NC~A
,Nj qaCjCRN CN j@3 qRIj<3 sCj@CN j@3 c3NcCjCqCjw ICLCj R8 $RnjoЙзNp s@3N j@3 L<N3jC, ~3I0 sc qaC30Y i@Cc sc R$jCN30
8Ra Tj cjaCU RN j@3 @Rj V7C<Y Ез VWW c s3II c 8Ra Tj cjaCU RN j@3 ,RI0
cLUI3 cC03 V7C<Y Ез V$WWY i@3c3 a3cnIjc 3u,In03 j@3 UU3aN,3 R8
II 3{3,jc ICcj30 CN 7C<Y Ϻϊ s3 a3 ,RNcC03aCN<Y BN UajC,nIa. j@3a3
Cc NR 3qC03N,3 R8 j@3 ibb2 sCj@CN j@3 c3NcCjCqCjw ICLCjY
BN j@3 N3uj cj3U j@3 cLUI3 sc LRnNj30 CN j@3 c3jnU 8Ra
L3cna3L3Njc nN03a L$C3Nj ,RN0CjCRNcY ?3a3. j@3 LC,aR UaR$A
CN< cwcj3L sc nc30 jR ,RNj,j j@3 Tj cjaCUY j ~acj. j@3 Tj cjaCU
sc ,RNj,j30 sCj@ j@CN r jCUc sCj@  ,RNj,j a3 R8 $Rnj۴  зззЕLLЙY Kn,@ jj3NjCRN sc UC0 jR ,RNj,j j@3 Tj q3aw
,a38nIIw jR Ua3q3Nj Nw RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj ,RNA
jaC$njCRNcY i@Cc sc cn,,3cc8nI 8Ra Tj cjaCU RN j@3 @Rj cLUI3
cC03. s@C,@ ,N $3 c33N CN 7C<Y ЕϺ VWY i@3a3 Cc NR cC<NC~,Nj 3{3,j
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7C<na3 ЕϺ- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ
L3cna30 nN03a L$C3Nj ,RN0CjCRNc sCj@ j@CNr jCUc RN j@3 Tj cjaCU VaC<@j cG3j,@W
8Ra 0C{3a3Nj CNAUIN3 j3LU3ajna3 <a0C3Njc ˚܇ܤY i@3 r jCUc s3a3 ,a38nIIw
,RNj,j30 jR a30n,3  Ia<3 ,RNj,j a3Y VW Tj cjaCU RN j@3 @Rj cC03. V$W Tj cjaCU
RN j@3 ,RI0 cC03 R8 j@3 cLUI3Y
æ܇ܤ j@3 cjN0a0 03qCjCRN R8 j@3 qRIj<3 aN<3c $3js33N Йχ Np
8Ra æ܇ܤ  зF N0 ϊзNp 8Ra æ܇ܤ  ЙϺFY i@3c3 qIn3c a3 CN
j@3 Ra03a R8 j@3 jwUC,I cC<NIAjRANRCc3AajCR a3,Ra030 $w ncCN< 
F3Cj@I3w ЙϺοЙ MNRqRIjL3j3a N0  LC,aR UaR$CN< cwcj3L 8Ra
cLUI3 ,RNj,jCN<Y Bj ,N IcR $3 ,RLUa30 jR j@3 c3NcCjCqCjw ICLCj
s3 ,@C3q30 8Ra TwgTj ~ILcY
?Rs3q3a. 8Ra Tj cjaCU RN j@3 ,RI0 cC03 V7C<Y ЕϺ V$WW s3 ,N R$A
c3aq3 N NjCcwLL3jaC, 3{3,j CN j@3 qRIj<3 ܉ sCj@ a3cU3,j jR ۻ
8Ra j@3 Ia<3cj j3LU3ajna3 0C{3a3N,3 Væ܇ܤ  ϺχFWY i@3 0C{3aA
3N,3 $3js33N j@3 cjnaj30 qIn3c 8Ra Ia<3 URcCjCq3 N0 N3<jCq3
L<N3jC, ~3I0c V܉cjW Cc 3qC03N,3 8Ra RN3 R8 j@3 NjCcwLL3jaC,
3{3,jc ICcj30 CN 7C<Y Ϻϊ 8Ra 7KBgMK $CIw3a cwcj3LcY BN vB; NR
M3aNcj 3{3,jc ,N UU3a 0n3 jR j@3 $c3N,3 R8 ,@a<3 ,aaC3acY
7naj@3aLRa3. t`K` L3cna3L3Njc RN vB;gTj ~ILc c@Rs30 NR
3qC03N,3 R8 L<N3jC, UaRuCLCjw 3{3,jc N0 j@nc NR cUCN URIaA
CyjCRN R8 j@3 Tj j j@3 CNj3a8,3YϺЕχ i@3a38Ra3. s3 ,N N3<I3,j
Nw M3aNcj 3{3,jc 3qRG30 $w  cUCNAURIaCy30 Tj Iw3aY i@3 RNIw
URccC$I3 3{3,j s3 ,N ,RNcC03a 8aRL 7C<Y Ϻϊ c@RnI0 $3  ibb2
<3N3aj30 $w j@3 CNAUIN3 j3LU3ajna3 <a0C3Nj s@3N s3 ccnL3
j@j j@3a3 a3 NR nNCNj3N030 RnjAR8AUIN3 ,RNjaC$njCRNcY M3q3aA
ϺЕχ 7Y /3II +RI3jj 3j
IY 2b`7 NNnI a3URaj.
?+AϺχзз. ЙзϺϊ
ЎЕ
j@3I3cc. j@3a3 Cc NR R$c3aq$I3 3{3,j 8Ra Tj cjaCU RN j@3 @Rj cC03.
3cU3,CIIw NR 3{3,j sCj@  a3q3ac30 cC<NY i@3a38Ra3. s3 3u,In03
j@3 UU3aN,3 R8 j@3 ibb2 N0 jjaC$nj3 j@3 NjCcwLL3jaC, 3{3,j
jR j@3 Hbb2 UaR0n,30 $w N nNCNj3N030 RnjAR8AUIN3 j3LU3ajna3
<a0C3Nj 0n3 jR ,a3I3cc N0 cjaRN<3a ,RNj,jCN<Y
7Ra UaRqCN< j@Cc ccnLUjCRN s3 CNq3cjC<j30 j@3 $3@qCRna
R8 0C{3a3Nj r N0 n jCUc sCj@ 0C{3a3Nj ,RNj,j a3c jR LA
NCUnIj3 j@3 RnjAR8AUIN3 @3j RsY BN 7C<Y ЕЙ L3cna3L3Njc a3
0CcUIw30 8Ra Tj cjaCU RN j@3 @Rj N0 j@3 ,RI0 cLUI3 cC03 s@C,@
sc ,RNj,j30 sCj@ r N0 n jCUc sCj@ 0C{3a3Nj ,RNj,j a3c۴Y Bj ,N $3 c33N j@j j@3 NjCcwLL3jaC, 3{3,j CN j@3 qRIj<3 ܉
sCj@ a3cU3,j jR j@3 3uj3aNI L<N3jC, ~3I0ۻ s@C,@ sc R$jCN30
8Ra  Ia<3 CNAUIN3 j3LU3ajna3 <a0C3Nj CN 7C<Y ЕϺ sc cjaRN<Iw
CN,a3c30Y i@Cc sc ,@C3q30 3q3N 8Ra j@3 cL3 r jCUc $nj sCj@
cjaRN<3a ,RNj,jCN<Y 7naj@3aLRa3. j@3 3{3,j <3N3aIIw CN,a3c3c
s@3N j@3 ,RNj,j a3 ۴ CN,a3c3cY i@Cc Cc R$c3aq30 8Ra r c s3II
c n jCUc N0 8Ra Tj cjaCU j j@3 @Rj N0 j@3 ,RI0 cLUI3 cC03Y
?Rs3q3a. j@3 NjCcwLL3jaC, 3{3,j Cc Ia<3a 8Ra Tj cjaCU RN j@3 @Rj
cC03 ,RLUa30 jR Tj cjaCU j j@3 ,RI0 cC03 s@3N j@3 cL3 jCUc a3
nc30Y M3q3aj@3I3cc. j@3 cC<N R8 ܉cj Cc j@3 cL3 8Ra $Rj@ cLUI3
cC03cY ܉cj  
܉cj ˥ ܉c˥j sc Ia30w 03~N30 8Ra Ua3qCRncIw
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7C<na3 ЕЙ- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ L3cna30 nN03a L$C3Nj ,RN0CjCRNc
RN j@3 Tj cjaCU VaC<@j cG3j,@W sCj@ r N0 n jCUc R8 0C{3a3Nj 0CL3j3ac N0 0C{3a3Nj ,RNj,j a3c ۴ 8Ra ୩܇ܤ  ϺχFY
i@3 r N0 n jCUc s3a3 cjaRN<Iw ,RNj,j30 jR UaR0n,3  Ia<3 ,RNj,j a3Y Tj cjaCU RN j@3 @Rj cC03 ,RNj,j30 sCj@











































7C<na3 ЕЕ- i@3 Bb?2 qRIj<3 L<NCjn03 ܉cj c  8nN,jCRN R8 j@3 @3j30 n jCU
j3LU3ajna3 ܇N330I3 8Ra 0C{3a3Nj CNAUIN3 j3LU3ajna3 <a0C3Njc ˚܇ܤ N0 Tj cjaCU
RN j@3 @Rj N0 j@3 ,RI0 cC03 R8 j@3 cLUI3Y
NjCRN R8 ܉cj sc 3uj3N030 $3js33N χззQ3  ۻ  ЎззQ3 N0˥ЎззQ3  ۻ  ˥χззQ3 8Ra܉cj N0܉c˥j. a3cU3,jCq3IwY i@3a38Ra3.
s3 ,N <CN 3u,In03 j@3 ibb2 N0 ~N0 8naj@3a 3qC03N,3 R8 j@3
Ua3qCRncIw L3NjCRN30 ccnLUjCRN R8  <3N3aj30 Hbb2 0aCq3N
$w N RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj CN0n,30 $w @3j Rs
j@aRn<@ ,RNj,j jCUc sCj@  Ia<3 ,RNj,j a3Y
BN 7C<Y ЕЕ j@3 qRIj<3 CN cjnajCRN jG3N 8aRL II ,naq3c CN
7C<Y ЕЙ a3 UIRjj30 c  8nN,jCRN R8 j@3 ,RNj,j a3 ۴ 8Ra j@3 r
N0 n jCUcY /n3 jR j@3 8,j j@j j@3 a3I jj,@30 ,RNj,j a3
,RnI0 NRj $3 a3UaR0n,30 cn|,C3NjIw s3 3cjCLj30 j@3 q3a<3
$3js33N j@3 URccC$I3 LuCLnL ,RNj,j a3 N0  cn|,C3NjIw
IRs a3Y i@Cc I30c jR a3IjCq3Iw Ia<3 3aaRa $acY ?Rs3q3a. 8Ra
Tj cjaCU RN j@3 @Rj N0 j@3 ,RI0 cC03 j@3 cC<N R8 ܉cj Cc j@3 cL3Y
7naj@3aLRa3. j@3 $cRInj3 qIn3 R8 ܉cj 03,a3c3c 8Ra cLII3a
,RNj,j a3c R8 j@3 jCUc nc30 8Ra $Rj@ Lj3aCIc Vr N0 nWY Bj Cc
R$qCRnc j@j j@3 j3LU3ajna3 0C{3a3N,3 $3js33N j@3 cLUI3 N0
j@3 ,RNj,j jCUc Cc a3cURNcC$I3 8Ra j@3 L<NCjn03 R8 ܉cj s@C,@ Cc
Ia<3a RN j@3 @Rj ,RLUa30 jR j@3 ,RI0 cLUI3 cC03 c s3II c j@3
cCy3 R8 j@3 ,RNj,j a3 s@C,@ ,nc3c  ,RNcC03a$I3 @3j cCNG 8Ra
N RnjAR8AUIN3 @3j RsY
7Ra 8naj@3a CNq3cjC<jCRN R8 j@3 RnjAR8AUIN3 j3LU3ajna3 <aA
0C3Nj s3 jaC30 jR CNj3NjCRNIIw ,RNjaRI j@3 RnjAR8AUIN3 @3j RsY
i@3a38Ra3. s3 nc30 j@3 j@C,G3cj n jCUc sCj@ ۴  зЙοLLЙ N0
j@3 <In30 a3cCcjRa 8Ra @3jCN< RN3 jCUY K3cna3L3Njc sCj@ Tj cjaCU
RN j@3 @Rj N0 ,RI0 cC03 R8 j@3 vB; ~IL s3a3 U3a8RaL30 c s3II
c L3cna3L3Njc sCj@ qaCRnc CNAUIN3 j3LU3ajna3 <a0C3Njc
N0 qaCRnc RnjAR8AUIN3 j3LU3ajna3 <a0C3Njc sCj@ CNj3NjCRNI
@3jCN< R8 j@3 n jCUcY i@3 a3cnIjc R8 j@3c3 L3cna3L3Njc a3
Ua3c3Nj30 CN 7C<Y Еϊ VW jR Еϊ V0W N0 7C<Y ЕЎ VW jR ЕЎ V0WY
Ўχ
i@3 qRIj<3 <CN c@Rsc NjCcwLL3jaC, $3@qCRna sCj@ a3A
cU3,j jR j@3 3uj3aNI L<N3jC, ~3I0 s@C,@ ,RnI0 NRj $3 jjaC$nj30
jR j@3 ibb2Y i@3 LRcj 03\nj3 j3cj jR UaRq3 j@Cc 8,j Cc <CN
jR ,@N<3 j@3 CNAUIN3 j3LU3ajna3 <a0C3Nj 0Ca3,jCRN s@C,@ Cc
3\nI jR ,@N<CN< j@3 Tj cjaCU 8aRL @Rj jR ,RI0Y BN 7C<Y Еϊ VW jR
Еϊ V0W j@3 a30 ,naq3c CN0C,j3s@3N j@C,Gn jCUc a3 nc30sCj@Rnj
Nw @3jCN<Y 2,@ ,naq3 c@Rsc  @wcj3a3jC,I $3@qCRna sCj@ 
L<NCjn03 ܉cj sCj@ j@3 cL3 cC<NY BN 7C<Y Еϊ VW j@3 3{3,j N3aIw
qNCc@3c $nj  ,I3a cC<N R8 j@3 L<NCjn03 ,N $3 03j3aLCN30
Væ܇ܤ  ϺзFWY i@3 L<NCjn03 CN,a3c3c sCj@ Ia<3a j3LU3ajna3
0C{3a3N,3c jR æ܇ܤ  ЕзF V7C<Y Еϊ V$WWY QN j@3 @Rj cC03 3q3N 
j3LU3ajna3 0C{3a3N,3 R8 æ܇ܤ  χF Cc Ia<3 3NRn<@ jR <3N3aA
j3  0CcjCN,j L<NCjn03 V7C<Y Еϊ V,WWY i@Cc L<NCjn03 CN,a3c3c
a3LaG$Iw 8Ra æ܇ܤ  ϺзF V7C<Y Еϊ V0WWY
MRs. s3 ,N CNj3NjCRNIIw CNn3N,3 j@Cc RnjAR8AUIN3 @3j
Rs $w @3jCN< RN3 n jCUY i@Cc @3jCN< sc 0RN3 8Ra II Ua3qCA
RncIw nc30 CNAUIN3 j3LU3ajna3 <a0C3Njc sCj@ j@3 Tj cjaCU RN
$Rj@ cLUI3 cC03cY i@3 j3LU3ajna3 R8 j@3 n jCU Cc 03NRj30 CN
j3aLc R8 j@3 aRRL j3LU3ajna3 `i  ЙϮЎF 0030 $w  qIn3 ܤ 8Ra
 UajC,nIa LRnNj R8 @3jCN<Y i@3 j3LU3ajna3 R8 j@3 jCUsc R$A
jCN30 CN  a383a3N,3 L3cna3L3Nj ,@C3q30 sCj@  j@3aLR,RnUI3
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7C<na3 Еϊ- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ L3cna30 sCj@ n jCUc RN j@3 ,RI0
cC03 sCj@ ୩܇ܤ  ϺзF VW N0 ЕзF V$WY K3cna3L3Njc sCj@ n jCUc RN j@3 @Rj cC03 sCj@ ୩܇ܤ  χF V,W N0 ϺзF V0WY
ЎЎ
jCRN R8 j@3 UUIC30 a3cCcjRa URs3a ܃N330I3Y N ILRcj UaRURajCRNI
$3@qCRna ,N $3 R$c3aq30 a3<a0CN< @3j IRcc Rq3a j@3 s@RI3
N330I3 CNjR j@3 3NqCaRNL3Nj. s@C,@ 3uUICNc  03qCjCRN R8 j@3
0j 8Ra Ia<3a @3jCN< URs3ac 8aRL j@3 ICN3a ~j 8nN,jCRNY B8 s3
NRs CN,a3c3 j@3 @3jCN< URs3a ܃N330I3 R8 j@3 n jCU 8Ra  ,3ajCN
CNAUIN3 j3LU3ajna3 <a0C3Nj æ܇ܤ. s3 ,N R$c3aq3  03,a3cCN<
L<NCjn03 s@C,@ a3cnIjc CN  ,@N<3 R8 cC<N N0 N CN,a3cCN<
L<NCjn03 CN j@3 RUURcCj3 0Ca3,jCRNY  <3N3aC, L3cna3L3Nj
8Ra j@Cc $3@qCRna Cc c@RsN CN 7C<Y ЕЎ V,WY r3 cjaj sCj@  L3A
cna3L3Nj sCj@Rnj @3jCN< j@3 n jCU V`i  зFWY r@3N s3 @3j
j@3 jCU cIC<@jIw j@3 L<NCjn03 03,a3c3c V`i  ЕFW N0 ,@N<3c
Cjc cC<N s@3N j@3 @3jCN< URs3a CN,a3c3c V`i  ϺЋFWY i@Cc ,N
$3 8naj@3a CN,a3c30 $w  Ia<3a n jCU j3LU3ajna3 V`i  ЕϺFWY
r@3N s3 3cjCLj3 ܉cj 8Ra II L3cna3L3Njc CN 7C<Y ЕЎ Cj ,N $3
UIRjj30 <CNcj j@3 n jCU j3LU3ajna3 ܇N330I3 V7C<Y ЕЋWY 7Ra 3,@
CNAUIN3 j3LU3ajna3 <a0C3Nj j@3 cC<N R8 ܉cj Cc j@3 cL3 s@3N
j@3 n jCU Cc NRj @3j30 V,8Y 7C<Y ЕЋ j `iWY 7naj@3aLRa3. j@3 cC<N
Cc j@3 cL3 8Ra Tj cjaCU IR,j30 RN j@3 @Rj cC03 c s3II c RN j@3
,RI0 cC03 R8 j@3 vB;Y i@3 qIn3 R8 ܉cj CN,a3c3c sCj@ ܇N330I3 CN
II ,c3c $nj sCj@ 0C{3a3Nj cIRU3cY i@3 cIRU3 Cc Ia<3a 8Ra Tj cjaCU
IR,j30 RN j@3 ,RI0 cC03Y ?3a3. j@3 RnjAR8AUIN3 @3j Rs 0n3 jR












7C<na3 Еχ- n jCU j3LU3aA
jna3 ܇N330I3 8Ra 0C{3a3Nj @3jA
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7C<na3 ЕЎ- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ L3cna30 sCj@ n jCUc RN j@3 ,RI0
cC03 sCj@ ୩܇ܤ  ϺзF VW N0 ЕзF V$WY K3cna3L3Njc sCj@ n jCUc RN j@3 @Rj cC03 sCj@ ୩܇ܤ  χF V,W N0 ϺзF V0WY











RT +10 +20 +30
Tneedle (K)
         ∆Tx
   5K hot side
 10K hot side
 10K cold side
























7C<na3 ЕЋ- i@3 Bb?2 qRIj<3 L<NCjn03 ܉cj c  8nN,jCRN R8 j@3 @3j30 n jCU j3LU3ajna3 ܇N330I3 8Ra 0C{3a3Nj
CNAUIN3 j3LU3ajna3 <a0C3Njc ˚܇ܤ N0 Tj cjaCUc RN j@3 @Rj N0 j@3 ,RI0 cC03 R8 j@3 cLUI3Y
j@3 @Rj cC03Y Bj Cc 3cC3a 8Ra j@3 @3j30 n jCU jR ,RnNj3a,j j@Cc
@3j RsY i@Cc a3cnIjc CN  8cj3a CN,a3c3 R8 ܉cjY 7Ra II æ܇ܤ N0
Tj cjaCUc RN j@3 ,RI0 cC03 N0 RN j@3 @Rj cC03 j@3a3 Cc  N330I3
j3LU3ajna3 ܇N330I3 s@3a3 ܉cj qNCc@3c ,RLUI3j3IwY ?3a3. j@3
@3j Rs <3N3aj30 $w j@3 @3j30 N330I3 N0 j@3 @3j Rs 0n3
jR j@3 @3j30 cLUI3 Lncj $3 j@3 cL3 sCj@ j@3 RUURcCj3 cC<NY
i@3 0C{3a3Nj cIRU3c I30 jR j@3 IR,jCRN 8Ra j@Cc ,aRccCN< URCNj RN
j@3 y3aR ICN3 R8 ܉cjY 7Ra Ia<3a æ܇ܤ j@Cc URCNj Cc 8RnN0 j Ia<3a
N330I3 j3LU3ajna3cY















7C<na3 Еο- #CIw3a cj,G R8 j@3
CNq3cjC<j30 cLUI3c- Tj c
 cUCN 03j3,jRa Lj3aCI RN
jRU R8 j@3 vB; 03URcCj30 RN
 ;;; Ra v; cn$cjaj3Y
7Ra Hbb2 L3cna3L3Njc Cj Cc NRj N3,3ccaw jR @q3 cjan,jna30
cLUI3c ICG3 Tj cjaCUc Ra ?II $acY i@3a38Ra3. j@3 CNq3cjC<j30
cLUI3c LRcjIw ,RNcCcj30 R8  $CIw3a R8  j@CN vB; ~IL N0 N
nIjaAj@CN ~IL R8  NRaLI L3jI c j@3 cUCN 03j3,jRaY ?3a3. j@Cc
NRaLI L3jI sc ncnIIw Tj 0n3 jR j@3 @C<@ cUCN Ra$Cj ,RnUICN<
s@C,@ Cc Ua3c3aq30 8Ra LNw 3cj$ICc@30 03URcCjCRN j3,@NC\n3cY
7Ra 8nN0L3NjI CNq3cjC<jCRNc R8 j@3 Hbb2 $3@qCRna j@3 cLUI3
sc cCLUIw ,ILU30 $3js33N jsR ,RUU3a $IR,Gc 8aRL j@3 jRU
N0 j@3 $RjjRL cC03 R8 j@3 ~IL UIN3 jR <3N3aj3 N RnjAR8 UIN3
j3LU3ajna3 <a0C3Nj ˚܇ܦY i@3 vB; ~ILc CN j@Cc Uaj s3a3 <aRsN
RN CNcnIjCN< ;;; c s3II c v; cn$cjaj3c. $nj RN jRU  UC3,3
R8 cUU@Ca3 cn$cjaj3 sc nc30 8Ra 3I3,jaC,I CNcnIjCRN $3js33N
j@3 Tj N0 j@3 nUU3a ,RUU3a $IR,GY i@3 nUU3a cC03 sc NRj
,RLUI3j3Iw ,Rq3a30 jR IIRs 3NRn<@ cU,3 8Ra 3I3,jaC,I ,RNj,jCN<
R8 j@3 Tj RN j@3 30<3c R8 j@3 $CIw3a ~ILY N 3uj3aNI L<N3jC,
~3I0 sc UUIC30 U3aU3N0C,nIaIw jR $Rj@. ˚܇ܦ N0 j@3 0Ca3,jCRN
R8 j@3 3I3,jaC, ~3I0 s@C,@ sc L3cna30 $3js33N j@3 3I3,jaC,I
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temperature difference  T (K)
7C<na3 ЕϮ- Hbb2 L3cna3L3Nj RN vB;gTj- i@3 Bb?2 qRIj<3 sc L3cna30 j j@3
3N0c R8 j@3 Tj cjaCU 8Ra qaCRnc RnjAR8AUIN3 j3LU3ajna3 <a0C3Njc˚܇ܦ VWY V$W i@3
UaRURajCRNICjw R8 j@3 qRIj<3 CN cjnajCRN ܉cj c  8nN,jCRN R8 j@3 j3LU3ajna3
0C{3a3N,3 ୩܇ܦ $3js33N j@3 ,RUU3a $IR,GcY
0Ca3,jCRN V7C<Y ЕοWY II Hbb2 L3cna3L3Njc RN vB;gTj s3a3 0RN3
CN q,nnLY
M3uj s3 L3cna30 j@3 Hbb2 0Ca3,jIw RN j@3 vB;gTj cLUI3
s@C,@ s3 nc30 8Ra L3cna3L3Njc CN j@3 ibb2 ,RN~<najCRN CN
j@3 Ua3qCRnc c3,jCRNY i@3 jsR Iw3ac @0  j@C,GN3cc R8 Ϻοз NL
N0 ϺзNL 8Ra j@3 vB; N0 Tj. a3cU3,jCq3IwY i@3 cLUI3 sc
,ILU30 $3js33N jsR ,RUU3a $IR,GcsCj@  зχLL j@C,G cUU@Ca3
cn$cjaj3 RN jRU R8 j@3 cLUI3Y i@3 ,RUU3a $IR,G RN jRU ,j30
c  @3j cRna,3 s@CI3 j@3 ,RUU3a $IR,G j j@3 $RjjRL sc j@3
@3j cCNGY i@3 j3LU3ajna3 0C{3a3N,3 sc L3cna30 $3js33N
j@3 ,RUU3a $IR,Gc sCj@ jsR FAjwU3 j@3aLR,RnUI3cY i@3 3uj3aNI
L<N3jC, ~3I0 ,RnI0 $3 UUIC30 N0 aRjj30 CN j@3 ~IL UIN3 nU
jR Ϻз GQ3Y
BN 7C<Y ЕϮ VW Hbb2L3cna3L3Njc 8Ra j@a33 3u3LUIaCIw ,@Rc3N
RnjAR8AUIN3 j3LU3ajna3 <a0C3Njc a3 c@RsNY i@3 qRIj<3 ܉
L3cna30 j j@3 3N0c R8 j@3 Tj cjaCU Cc UIRjj30 c  8nN,jCRN R8 j@3
3uj3aNIL<N3jC, ~3I0ۻ s@C,@ 8nI~IIc j@3 ,aRcc UaR0n,j R8 2\Y Йϊ
8Ra  03j3,j30 Hbb2 0n3 jR j@3 Bb?2Y 7Ra Ia<3 3uj3aNI L<N3jC,
~3I0c j@3 cUCN URIaCyjCRN q3,jRa ǖ঴ R8 j@3 vB; Cc U3aU3N0C,nIa jR
j@3 3I3,jaC,I ,RNj,jc. N0 j@3 j@3aLIIw 0aCq3N cUCN ,naa3Njǖܖ Cc
UaII3I jR j@3 j3LU3ajna3 <a0C3Nj ˚܇ܦ V7C<Y ЕοWY i@3 a3q3acI R8ǖ঴ ,,RLUNC30 $w j@3 a3q3acI R8 ۻ I30c jR j@3 cC<N ,@N<3 R8 ܉ Y
i@3 qRIj<3 CN cjnajCRN ܉cj Cc c@RsN CN 7C<Y ЕϮ V$W 8Ra qaCRnc
RnjAR8AUIN3 j3LU3ajna3 0C{3a3N,3c æ܇ܦY Bj ,I3aIw c@Rsc j@3
UaRURajCRNICjw c ccnL30 8Ra j@3 Hbb2Y i@3c3 a3cnIjc cnUURaj
Rna R$c3aqjCRNc R8 j@3 Hbb2 0n3 jR nNCNj3N030 RnjAR8AUIN3 j3LA
U3ajna3 <a0C3Njc CN j@3 ibb2 ,RN~<najCRN RN j@3 cL3 cLUI3
s@C,@ sc Ua3c3Nj30 CN j@3 Ua3qCRnc c3,jCRNY BN j@3 N3uj cj3U
NRj@3a vB; ~IL sCj@  j@C,GN3cc R8 ϺЕз NL 03URcCj30 $w TH/
sCj@ jsR οNL j@C,G Tj cjaCUc RN jRU sc L3cna30 V7C<Y ϊзWY i@3
ЎϮ
qRIj<3 ܉ Cc c@RsN c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0ۻ 8Ra qaCRnc N<I3c ঢ $3js33N ۻ N0 j@3 uA0Ca3,jCRNY i@3 cjnA
aj30 qRIj<3 CN 7C<Y ϊз qNCc@3c 8Ra ঢ  Ϯзn s@3N ǖۻ Cc IC<N30
UaII3I jR j@3 3I3,jaC,I ,RNj,jc qCyY IRN< j@3 Tj cjaCUY i@Cc Cc
,RNcCcj3Nj sCj@ j@3 Bb?2 s@3a3 j@3 qRIj<3 c@RnI0 qNCc@ s@3Nǖ܀ ,,RLUNC30 $w j@3 cUCN 0Ca3,jCRN R8 j@3 j@3aLIIw 0aCq3N
cUCN ,naa3Nj Cc IC<N30 UaII3I jR j@3 3I3,jaC,I ,RNj,jcY
Uaj 8aRL j@3 3uU3,j30 Hbb2 s@C,@ Cc CN0C,j30 CN j@3 qRIjA
<3 CN cjnajCRN j@3a3 a3 LuCL N0LCNCL aRnN0ۻ  зQ3Y
QN3 URccC$I3 3uUINjCRN 8Ra j@3 UU3aN,3 R8 j@3c3 LuCL
N0 LCNCL Cc  LRq3L3Nj R8 j@3 L<N3jCyjCRN q3,jRa CNjR 
L<N3jC, 3cw uCc 0n3 jR  L<N3jC, NCcRjaRUw CN j@3 ~IL UIN3
R8 j@3 vB;Y i@3 3I3,jaC,I ,RNj,jc a3 c3NcCjCq3 jR L3cna3  Ia<3
Bb?2 qRIj<3 s@3N j@3 L<N3jCyjCRN q3,jRa Cc ,IRc3 jR зnsCj@
a3cU3,j jR j@3 uA0Ca3,jCRNY i@3 R$c3aq30 qRIj<3 Cc Ia<3a aRnN0ۻ  зQ3 s@3N j@3 L<N3jCyjCRN aRjj3c CNjR j@3 3cw uCcY i@Cc
@UU3Nc s@3N j@3 L<N3jC, 3cw uCc Cc ,IRc3a jR j@3 uA0Ca3,jCRN
j@N j@3 L<N3jC, ~3I0 0Ca3,jCRNY ?3a3. j@3 L<N3jCyjCRN q3,A
jRa ǖ܀L03  ,RLUI3j3 aRjjCRN R8 ЕЎзn VNjCcwLL3jaC, a3q3acI
UaR,3ccWY ǖ܀ ,aRcc3c j@3 L<N3jC, 3cw uCc jsC,3 $nj CN RUURcCj3
0Ca3,jCRNcY i@a33 R8 j@3 ,naq3c a3 L<NC~30 CN  cLII3a qRIj<3
aN<3 CN 7C<Y ϊз V$W jR LG3 j@3Ca csCj,@CN< $3@qCRna LRa3 qCcCA
$I3Y i@3 csCj,@CN< $3@qCRna $3js33N 0C{3a3Nj N<I3c ঢ ,NNRj
$3 ,RLUa30 CN 3u,j 03jCI $3,nc3 j@3 LuCL N0 LCNCL ,N
0C{3a 03U3N0CN< RN j@3 cj3U cCy3 R8 j@3 L<N3jC, ~3I0Y
BN j@3 N3uj cj3U s3 CNq3cjC<j30  ϊƧL vB; ~IL <aRsN RN 
Ў  ЙLLЙ ;;; cn$cjaj3 sCj@ зχLL CN j@C,GN3cc sCj@  Ϻз NL
j@CN Tj ~IL RN jRUY BN 7C<Y ϊϺ VW A V8W j@3 qRIj<3 $3js33N j@3
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7C<na3 ϊз- Hbb2 L3cna3L3Nj RN vB;gTj- i@3 Bb?2 qRIj<3 sc L3cna30 j j@3 3N0c R8 RN3 R8 j@3 Tj cjaCUc 8Ra
qaCRnc N<I3c ঢ R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ sCj@ a3cU3,j jR j@3 uA0Ca3,jCRNY i@3 RnjAR8AUIN3 j3LU3ajna3
0C{3a3N,3 ୩܇ܦ $3js33N j@3 ,RUU3a $IR,Gc sc ~u30 j ϺϊFY
Ћз
 T = 26.9K
        = 17.6K
        = 11.1K
        =   6.9K














































































































magnetic field H (kOe)
` = 97°
7C<na3 ϊϺ- Hbb2 L3cna3L3Nj RN vB;gTj- i@3 Bb?2 qRIj<3 sc L3cna30 j j@3 3N0c R8 j@3 Tj ~IL 8Ra qaCRnc
N<I3c ঢ R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ sCj@ a3cU3,j jR j@3 uA0Ca3,jCRNY i@3 RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj sc
qaC30 sCj@ j@3 a3cnIj j@j ୩܇ܦ $3js33N j@3 ,RUU3a $IR,Gc sc CN,a3c30Y
c@RsN c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ UUIC30 CN
j@3 ~IL UIN3 sCj@ N N<I3 ঢ sCj@ a3cU3,j jR j@3 uA0Ca3,jCRN
8Ra qaCRnc j3LU3ajna3 0C{3a3N,3c æ܇ܦY BN 7C<Y ϊϺ VW RN3 ,N
c33 j@3 @wcj3a3jC,I $3@qCRna R8 j@3 qRIj<3 ܉ . NjCcwLL3jaC,
sCj@ a3cU3,j jR ۻ Y ܉cj Cc ,I3aIw UaRURajCRNI jR j@3 j3LU3ajna3















temp. difference Tz (K)
7C<na3 ϊЙ- TaRURajCRNICjw R8
j@3 Bb?2 qRIj<3 sCj@ j@3
j3LU3ajna3 0C{3a3N,3 ୩܇ܦY
r@3N s3 ,@N<3
j@3 N<I3 ঢ R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ sCj@ a3cU3,j jR j@3
uA0Ca3,jCRN j@3 cjnaj30 qRIj<3 ܉cj 03,a3c3c nNjCI ঢ  Ϯзn
s@3a3 j@3 Bb?2 qRIj<3 V܉cjW qNCc@3c ,RLUI3j3Iw V7C<Y ϊϺ V0WWY
i@3 3NjCa3 N<I3 03U3N03N,w R8 j@3 Bb?2 qRIj<3 ,N $3 c33N CN
7C<Y ϊЕY i@3 0j s3a3 R$jCN30 sCj@ N $cRInj3 qIn3 R8 Ϻ GQ3
8Ra ۻ N0  j3LU3ajna3 0C{3a3N,3 R8 æ܇ܦ  ЙЎϮFY r3 <3j  ,Rc

















  H = 1000 Oe
∆T =   26.9 K
7C<na3 ϊЕ- N<I3 03U3NA
03N,w R8 j@3 Bb?2 qRIj<3܉cj sCj@ j@3 N<I3ঢ $3js33N
j@3 uAuCc N0 j@3 L<N3jC,
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7C<na3 ϊϊ- Hbb2 L3cna3A
L3Njc CN  cLII3a L<N3jC,
~3I0 aN<3sCj@ j@3 N<I3ঢ 
зn $3js33N j@3 uAuCc N0 j@3




















7C<na3 ϊχ- i@3 L<NCjn03܉Lu R8 j@3 U3Gc VLuCLnL
qIn3W 8Ra 0C{3a3Nj N<I3c ঢ
c  8nN,jCRN R8 j@3 j3LU3aA
jna3 0C{3a3N,3 ୩܇ܦY
ϺЕЎ DY tCR 3j IY T@wcC,I
`3qC3s # οϺ VЙзϺзW ЙϺϊϊϺο
ϺЕЋ KY b,@a3C3a 3j IY T@wcC,I
`3qC3s # οο VЙзϺЕW зϮϊϊϺз
ϺЕο DY 7ICUc3 3j IY Mjna3
MNRj3,@NRIR<w Ћ VЙзϺЙW
ϺЎЎ
00CjCRNI Hbb2 L3cna3L3Njc a3 c@RsN CN 7C<Yϊϊ CN 
cLII3a L<N3jC, ~3I0 aN<3 8Ra j@a33 0C{3a3Nj CNAUIN3 j3LU3aA
jna3 <a0C3Njc 8Ra ঢ  зnY i@3 csCj,@CN< R8 ܉ sCj@ j@3 L<N3jC,
~3I0 ۻ ,N $3 ,I3aIw R$c3aq30Y r3 ,N 3cjCLj3  ,R3a,Cq3 ~3I0ۻ۶ R8 j@3 vB; ~IL R8 $Rnj χQ3Y
7naj@3aLRa3. 8Ra N<I3c ঢ ̳ зn s3 ,N ~N0 jsR LuCL
aRnN0ۻ  зQ3Y i@3 L<NCjn03c R8 j@3c3 U3Gc s3a3 3cjCLj30
8aRL j@3 cwLL3jaC, Uaj R8 j@3 ,naq3cY i@3w a3 j@3 0C{3a3N,3 $3A
js33N j@3 U3G qIn3 N0 j@3 qIn3 CN cjnajCRNY i@3c3 LuCL
<aRs s@3N æ܇ܦ CN,a3c3c V7C<Y ϊχWY i@3 CN,a3c3 Cc NRj UaRURaA
jCRNI sCj@ æ܇ܦ $nj cCLCIa 8Ra II ঢY i@Cc 3{3,j ,NNRj $3 a3Ij30
jR j@3 TM2 $3,nc3 vB; Cc N CNcnIjRa N0 Tj c@Rsc NR cUCN
URIaCyjCRNY ?Rs3q3a. j@3a3 Cc RN3 ,RN0CjCRN nN03a s@C,@ cwLA
L3jaC, $3@qCRna R,,nacY i@3 L<N3jCyjCRN q3,jRa @c jR aRjj3
cwLL3jaC,IIw 0naCN< j@3 a3q3acI UaR,3ccY i@Cc L3Nc j@j Cj
RNIw aRjj3c $,G N0 8Raj@ RN RN3 cC03 R8 j@3 ~IL UIN3 Vзn A ϺοзnW
CNcj30 R8 0RCN<  ,RLUI3j3 aRjjCRN Vзn A ЕЎзnW. s@C,@ Cc j@3 ,c3
8Ra j@3 vB;gTj cLUI3 sCj@ j@3 Ln,@ j@CNN3a vB; ~IL Ua3c3Nj30
CN 7C<Y ϊзY
/Cc,nccCRN
7Cacj. s3 sRnI0 ICG3 jR 0Cc,ncc j@3 L3cna3L3Njc CN j3aLc R8
j@3 ibb2Y BN vB;gTj $CIw3ac j@3 0aCqCN< 8Ra,3 8Ra  j@3aLIIw
,jCqj30 cUCN ,naa3Nj Cc j@3 0C{3a3N,3 $3js33N j@3 L<NRN j3LA
U3ajna3 ܇L CN j@3 vB; N0 j@3 3I3,jaRN j3LU3ajna3 ܇3 CN j@3 TjY
tCR 3j IYϺЕЎ 0Cc,ncc30 j@3 j3LU3ajna3 0C{3a3N,3æ܇L3 R8 j@3 RaCA
<CN R8 j@3 j@3aLIIw CN0n,30 cUCN ,naa3Nj CN j@3 cL3 w3a s@3N
j@3 ibb2 sc ~acjIw R$c3aq30 CN vB;gTj $CIw3acY r3 sNj jR
03j3aLCN3 j@Cc j3LU3ajna3 0C{3a3N,3 jR 3cjCLj3  URccC$I3 ibb2
,RNjaC$njCRNY æ܇L3 ,N $3 CN83aa30 8aRL j@3 a3,Ra030 qRIj<3
cϺЕЋ æ܇L3  ܉cj ঱܀b܉ ܠTjܔa ত ܗ# ܒêb? লTj ܘTj ব jN@
ܠব  VЕЙW
?3a3. ܉ Cc j@3 L<N3jC, ,R@3a3N,3 qRInL3. ܔa Cc j@3 a3I Uaj R8
j@3 cUCN LCuCN< ,RN0n,jN,3. ত Cc j@3 <waRL<N3jC, ajCR. ܗ# Cc
j@3 #RIjyLNN ,RNcjNj. ܒ Cc j@3 3I3L3Njaw ,@a<3. êb? Cc j@3
cUCN ?II N<I3. N0 ব Cc j@3 cUCN 0C{ncCRN I3N<j@ R8 j@3 MK
Lj3aCIY i@3 jsR j3LU3ajna3 LR03I @c UaRq30 cn,,3cc8nI CN a3A
IjCN<æ܇L3 jR j@3 U@RNRN j3LU3ajna3. ,,3ccC$I3 CN 3uU3aCL3Njc
Vb,@a3C3a b,@a3C3a 3j IYϺЕЋ N0 7ICUc3 3j IYϺЕοWY r3 cCLnIj3 j@3
U@RNRN N0 L<NRN j3LU3ajna3c ccnLCN< Ϻ/ jaNcURaj CN Rna
~ILc N0 0Cca3<a0 j@3 CNn3N,3 R8 j@3aLI ,RNj,j a3cCcjN,3
ЋЙ
7C<Y 3uUY æ܇u 3uUY ^܉cj^ ,I,Y ^æ܇L3^ ,I,Y ^æ܇y^
j `i VFW VNpW VƧFW Hbb2 VLFW
Еϊ VW Ϻз χз зχ Йз
Еϊ V$W Ез ϺЋз Ϻο ЎЋ
Еϊ V,W χ ϺЕз Ϻϊ χϺ
Еϊ V0W Ϻз Езз ЕЙ ϺЙ
i$I3 Е- i@3 ,I,nIj30 qIn3c R8 ୩܇L3 8Ra j@3 L3cna30 qIn3c R8 ܉cj jG3N 8aRL
7C<Y Еϊ VW jR Еϊ V0W N0 j@3 ,Raa3cURN0CN< ୩܇y VHbb2WY
Rj@3a j@N j@3 ,RnUICN< $3js33N L<NRNc N0 3I3,jaRNcY i@Cc
wC3I0c  qIn3æ܇y. j@3 VU@RNRNW j3LU3ajna3 0aRU ,aRcc j@3 vB;
~IL. 8Ra s@C,@ j@3 3uU3aCL3NjIIw L3cna30 ܉cj Cc R$jCN30Y r3
ccnL3 লTj  ϊзƧǬ,LY II Lj3aCI 03U3N03Nj vB; UaL3j3ac
s3a3 jG3N 8aRL b,@a3C3a 3j IYϺЕЋ BN i$Y Е s3 Ua3c3Nj j@3 ,I,nA
Ij30 æ܇L3 8Ra ܉cj jG3N 8aRL 7C<Y ЕЋ j `i V7C<Y Еϊ VW jR Еϊ V0WW
N0 j@3 ,Raa3cURN0CN< æ܇y VHbb2WY i@3 æ܇y R$jCN30 a3 R8 j@3
Ra03a R8  83s LCIICG3IqCNcY Bj Cc a3cRN$I3 jR ccnL3 j@j cn,@
qIn3c ,N $3 CN0n,30 $w. 3Y<Y. j@C,G ,RNj,j jCUc. 3cU3,CIIw ,RNA
cC03aCN< j@j Rna CNCjCI cCLUIC~,jCRNc c@RnI0 I30 jR N Rq3a3cjCA
LjCRN R8 æ܇y V,8Y b,@a3C3a 3j IYϺЕЋWY i@3 jaNcq3ac3 cUCN b33$3,G
,RN~<najCRN sc CNq3cjC<j30 CN 03jCI $w b,@a3C3a 3j IYϺЕЋ Bj sc
8RnN0 j@j 8Ra æ܇u  ЙзF j@3 R$jCN30 æ܇L3 Cc s3II $3IRs ϺƧF.
3q3N j j@3 q3aw 30<3 R8 j@3 cLUI3 s@3a3 æ܇L3 Cc LuCLCy30Y
i@Cc 8naj@3a cnUURajc j@3 NRjCRN j@j cUnaCRnc RnjAR8AUIN3 <aA
0C3Njc a3 a3cURNcC$I3 8Ra j@3 qRIj<3c R$c3aq30 CN Rna cLUI3cY
i@Cc RnjAR8AUIN3 <a0C3Nj ,N <3N3aj3 N M2. UaRuCLCjw M2
Ra Hbb2Y ?Rs3q3a. N M2 Cc NRj URccC$I3 0n3 jR j@3 I,G R8 8a33
,@a<3 ,aaC3ac CN j@3 vB; N0 j@3 NRNA83aaRL<N3jC, Tj a3<CRN
s@C,@ Cc NRj CN ,RNj,j sCj@ j@3 7K Iw3aY i@3 UaRuCLCjw M2 0n3
jR URccC$I3 cUCN URIaCy30 Tj s@C,@ Cc CN ,RNj,j sCj@ j@3 vB; ,N
IcR $3 3u,In030 $w t`K`L3cna3L3Njc j C03NjC,I cLUI3cϺЕϮ
c s3II c tK+/ L3cna3L3Njc $w ;3Ua¡<c 3j IYϺϊз s@C,@ ,RNA
~aL j@3 t`K` 0jY ?Rs3q3a. FCGGs 3j IYϺϊϺ s3a3 $I3 jR
c@Rs j@j  URj3NjCI ,RNjaC$njCRN R8  UaRuCLCjw M2 00CjCRNI
jR N Hbb2 Cc N3<IC<C$Iw cLIIY i@3w L3cna30 j@3Ca vB;gTj $CA
Iw3a cwcj3L CN jsR ,RN~<najCRNc N0 ,@N<30 j@3 0Ca3,jCRNc
R8 j@3 j3LU3ajna3 <a0C3Nj N0 j@3 3uj3aNI L<N3jC, ~3I0Y 7Ra
N RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj N0 N CNAUIN3 L<N3jC,
~3I0 j@3a3 Cc N Hbb2 c s3II c  URccC$I3 UaRuCLCjw M2 cC<NI
CN j@3 jaNcq3ac3 qRIj<3 RN j@3 Tj ~ILY r@3N j@3 j3LU3ajna3
<a0C3Nj Cc UUIC30 CNAUIN3 sCj@ N RnjAR8AUIN3 L<N3jC, ~3I0
ϺЕϮ 7Y /3II +RI3jj 3j
IY 2b`7 NNnI a3URaj.
?+AϺχзз. ЙзϺϊ
Ϻϊз bY ;3Ua¡<c 3j IY UUIC30
T@wcC,c H3jj3ac ϺзϺ VЙзϺЙW
ЙЎЙϊзЋ
ϺϊϺ iY FCGGs 3j IY T@wcC,I
`3qC3s H3jj3ac ϺϺз VЙзϺЕW
зЎЋЙзЋ
ЋЕ
ϺϊЙ ?Y MGwL 3j IY T@wcA
C,I `3qC3s H3jj3ac ϺϺз
VЙзϺЕW ЙзЎЎзϺ
ϺϊЕ KY Ij@LL3a 3j IY
T@wcC,I `3qC3s # οЋ VЙзϺЕW
ЙЙϊϊзϺ
j@3 UaRuCLCjw M2 Cc j@3 RNIw ,RNjaC$njCRN. $3,nc3 N Hbb2
0aCq3N cUCN ,naa3Nj ,NNRj $3 03j3,j30Y i@3w 03j3aLCN30 N nUA
U3a ICLCj R8  URccC$I3 UaRuCLCjw M2 ,RNjaC$njCRN R8 I3cc j@N
χ R8 j@3 L3cna30 qRIj<3Y i@Cc cnUURajc Rna ,RN,IncCRN j@j
j@3 LCN NjCcwLL3jaC, ,RNjaC$njCRN CN Rna L3cna3L3Njc Cc j@3
Hbb2. s@C,@ Cc 0aCq3N $w N RnjAR8AUIN3 j3LU3ajna3 <a0C3NjY
i@3 a3\nCa30 j3LU3ajna3 0C{3a3N,3c s@C,@ a3 N3,3ccaw 8Ra N
Hbb2 V,8Y i$Y ЕW ,RN~aL j@j j@3 R$c3aq30 L<NCjn03c CN j@3
Bb?2 qRIj<3 a3 CN  a3ICcjC, aN<3 R8 Ra03aY i@Cc Cc ,RNcCcj3Nj
sCj@ j@3 L3cna3L3Njc CN 0Ca3,j Hbb2 ,RN~<najCRN 8aRL 7C<Y ЕϮY
BN j@3c3L3cna3L3Njc  83s G3IqCNc a3 N3,3ccaw jR R$jCN Bb?2
qRIj<3c CN j@3 cL3 aN<3Y ?Rs3q3a. s3 jRRG CNjR ,,RnNj j@j
j@3 L3cna30 j3LU3ajna3 0C{3a3N,3 Cc R$jCN30 $3js33N j@3
,RUU3a $IR,GcY i@3c3 $IR,Gc a3 c3Uaj30 NRj RNIw 8aRL j@3 vB;
~IL $nj IcR $w  зχLL j@C,G cUU@Ca3 cn$cjaj3 RN jRU N0 
зχLL j@C,G ;;; cn$cjaj3 j j@3 $RjjRL R8 j@3 vB;Y
r3 0R NRj R$c3aq3 Nw cwLL3jaC, ,RNjaC$njCRN 8Ra ˚܇ܤ sCj@A
Rnj jCU @3jCN< V7C<Y ЕϊWY i@3a38Ra3. TM2 N0 UaRuCLCjw TM2
,RNjaC$njCRNc ,N IcR $3 3u,In030Y M3q3aj@3I3cc. s3 ~N0  cLII
cwLL3jaC, ,RNjaC$njCRN 8Ra cjaRN< jCU @3jCN< c 03LRNcjaj30 CN
7C<Y ЕЎ V$W 8Raæ܇N330I3  `iЕϺFY BN j@3 a3<CRN R8ۻ۶ cLII U3Gc
a3 qCcC$I3 nN03a cwLL3jaCyjCRN R8 j@3 qRIj<3 V7C<Y ϊЎ VWWY i@Cc
,N $3 3uja,j30 $w  NnL3aC,I c3UajCRN R8 j@3 3uU3aCL3NjI
0j CNjR j@3 NjCcwLL3jaC, N0 j@3 cwLL3jaC, Uaj V7C<Y ϊЎ V$W
N0 V,WWY i@3 cwLL3jaC, Uaj @CNjc j j@3 3uCcj3N,3 R8 N 0A
0CjCRNI L<N3jRj@3aLRURs3a 3{3,j URj3NjCIIw CN0n,30 $w 
j3LU3ajna3 <a0C3Nj ˚܇ܥ IRN< j@3 Tj cjaCUY i@Cc Cc 3qC03N,3
R8 $3CN< j@3aLIIw 0aCq3N bK` V,8Y MGwL 3j IYϺϊЙ N0 IA
j@LL3a 3j IYϺϊЕWY i@Cc sRnI0 NRj $3  ,RL$CNjCRN R8 b?2 N0
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magnetic field H (kOe)
symmetric part
7C<na3 ϊЎ- VW 2uU3aCL3NjI 0j R8 j@3 qRIj<3 ܉ c  8nN,jCRN R8 ۻ jG3N 8aRL 7C<Y ЕЎ V$W sCj@ ୩܇ܤ  ЕзF N0 
N330I3 j3LU3ajna3 ܇N330I3  `i  ЕϺF c3Uaj30 NnL3aC,IIw CN j@3 NjCcwLL3jaC, Uaj V$W N0 j@3 cwLL3jaC, Uaj
V,WY
Ћϊ
?3a3. s3 @q3 NR CN0n,30 ,@a<3 ,naa3Nj j@j 0aCq3c N b?2 $nj 
j3LU3ajna3 <a0C3Nj s@C,@ <3N3aj3c  j@3aLIIw 0aCq3N ,@a<3
,naa3NjY i@Cc UaR0n,3c j@3 NIR<w $3js33N j@3 b?2 N0 bM2Y
i@3 a33,j30 cUCN ,naa3Nj j j@3 CNj3a8,3 N0 ,RNq3acCRN CNjR 
L3cna$I3 ,@a<3 ,naa3Nj. Ra 3I3,jaC,I qRIj<3. c@RnI0 cjCII $3
j@3 Bb?2Y 7naj@3a CNq3cjC<jCRNc c@RnI0 Ncs3a j@3 \n3cjCRN C8 
a33,j30 cUCN ,naa3Nj 0n3 jR j@3 bM2 <Cq3c aCc3 jR N CNq3ac3 bM2
VBbM2W s@C,@ sRnI0 $3 j@3 ,RNq3acCRN R8  jaNcq3ac3 @3j Rs
Rnj R8  j@3aLIIw CN0n,30 cUCN ,naa3Nj 0n3 jR j@3 bM2Y ?Rs3q3a.
8naj@3a CNq3cjC<jCRNc $3wRN0 j@Cc sRaG a3 N33030 jR C03NjC8w
j@3 a3I RaC<CN R8 j@3 R$c3aq30 U@3NRL3N CN 7C<Y ϊЎ V,WY
`3,3NjIw. r3<aRs3 3j IYϺϊϊ nc30 NCcRjaRUC, @3j jaNcURaj c
N CNj3aUa3jjCRN 8Ra j@3 L3cna30 qRIj<3c ncCN< CNAUIN3 j3LA
U3ajna3 <a0C3NjcY BN j@3Ca sRaG. j@3w 03aCq30 j@3 NCcRjaRUC,
~3I0A03U3N03Nj j3LU3ajna3 <a0C3Nj CN L3jIIC, c s3II c CNA
cnIjCN< 7K Lj3aCIc 8aRL j@3 QNc<3a a3,CUaR,Cjw a3IjCRNcYϺϊχ
i@3a38Ra3. j@3 j@3aLR,RnUI3 3{3,j $3js33N j@3 7K. j@3 MK N0
j@3 ,RNj,jCN< jCUc ,N <3N3aj3 ~3I0A03U3N03Nj qRIj<3c C8 j@3a3
Cc  0C{3a3N,3 CN j@3 b33$3,G ,R3|,C3NjcY BN Rna CNq3cjC<j30
cwcj3Lc. j@3 b33$3,G ,R3|,C3Njc a3 CN0330 0C{3a3Nj 8Ra vB;. Tj
N0 j@3 ,RNj,j jCUcY ?Rs3q3a. cCN,3 s3 0R NRj R$c3aq3  ~3I0A
03U3N03Nj qaCjCRN R8 j@3 Bb?2 qRIj<3 $w ncCN< j@CN r jCUc.
Nw NCcRjaRUC, ~3I0A03U3N03Nj @3j jaNcURaj ,N $3 3u,In030
c j@3 a3cRN 8Ra j@3 R$c3aq30 qRIj<3cY
i@3 NjCcwLL3jaC, 3{3,j CN Rna L3cna3L3Njc sCj@ CNj3NjCRNA
IIw UUIC30 CNAUIN3 j3LU3ajna3 <a0C3Nj ,N $3 C03NjC~30 c j@3
Hbb2 s@C,@ sc q3aC~30 $w ,RNjaRIICN< j@3 N330I3 j3LU3ajna3
N0 qawCN< j@3 RnjAR8AUIN3 j3LU3ajna3 <a0C3NjY iG3N jRA
<3j@3a. CN II Rna 3uU3aCL3Njc CN ibb2 ,RN~<najCRN RN L<N3jC,
CNcnIjRac. s3 j@nc RNIw R$c3aq3 Hbb2AjwU3 cC<Njna3cY i@3c3
Hbb2 qRIj<3c ,N $3 a3LCNCc,3Nj R8  ibb2AjwU3 a3cURNc3 C8 N
nNCNj3NjCRNI VRa CNj3NjCRNIW ˚܇ܦ Cc Ua3c3NjY i@Cc c@Rsc j@j j@3
njLRcj ,a3 Cc a3\nCa30 C8 RN3 Cc jR CNj3aUa3jL<N3jRj@3aLRURs3a
3{3,jc CN j3aLc R8 j@3 ibb2Y
Qna R$c3aqjCRNc RNvB;gTj CN j@3 ibb2 ,RN~<najCRN V7C<Y ЕЎW
s3a3 L3cna30 ncCN< j@3 ,RNq3NjCRN Ua3c3Nj30 $w b,@a3C3a 3j
IYϺϊЎ N0 s3 R$jCN30 j@3 cL3 cC<N R8 j@3 cUCN ?II N<I3 CN
Tj sCj@ Rna 3uUINjCRN R8 j@3 j3LU3ajna3 <a0C3Nj 0Ca3,jCRNcY
BN II Rna Hbb2 CNq3cjC<jCRNc s3 ,N ~N0 j@3 cL3 cC<N 8Ra j@3
cUCN ?II N<I3 CN TjY r3 sNj jR 3LU@cCy3 j@j j@Cc Cc NRj 
cn|,C3Nj $nj  N3,3ccaw ,RN0CjCRN jR 00a3cc j@3 qRIj<3 cC<NI
jR  ,RNq3aj30 Bb?2 qRIj<3 0n3 jR  03j3,j30 cUCN ,naa3Nj 0aCq3N
$w j@3 Hbb2Y
Ϻϊϊ DY 2Y r3<aRs3 3j IY T@wcA
C,I `3qC3s # οϮ VЙзϺϊW
зϮϊϊзϮ
Ϻϊχ HY QNc<3aY T@wcC,I
`3qC3s ЕЋ VϺϮЕϺW ϊзχ
ϺϊЎ KY b,@a3C3a 3j IY DRnaA
NI R8 T@wcC,c /- UUIC30
T@wcC,c VЙзϺϊW зЙχззϺ
Ћχ
ϺϊЋ Y F3@I$3a<3a 3j IY
atCqYRa< VЙзϺЕWY atCq-
SkzfYze4:qS
Ϻϊο Y F3@I$3a<3a 3j IY DRnaA
NI R8 UUIC30 T@wcC,c ϺϺχ
VЙзϺϊW ϺЋ+ЋЕϺ
BN Rna Hbb2 CNq3cjC<jCRNc s3 nc30 vB; ~ILc R8 0C{3a3Nj
j@C,GN3cc3c CN j@3 aN<3 R8 $Rnj Ўз NL nU jR $nIG ICG3 j@C,GA
N3cc3c R8 $Rnj ϊƧLY BN j@3 UU3a R8 F3@I$3a<3a 3j IYϺϊЋ 8aRL
ЙзϺЕ j@3w jaC30 jR ~N0 Rnj s@3j@3a j@3 Hbb2 Cc  $nIG Ra N
CNj3a8,3 3{3,jY 7Ra j@Cc a3cRN j@3w ,aaC30 Rnj j@C,GN3cc 03U3NA
03Nj L3cna3L3Njc s@C,@ @q3 c@RsN  cjnajCRN R8 j@3 Hbb2
cC<NI NRaLICy30 $w j@3 vB; j@C,GN3ccY i@3w ,RN,In030 j@j
j@3a3 Cc  ,@a,j3aCcjC, UaRU<jCRN I3N<j@ R8 j@3aLIIw 3u,Cj30
L<NRNc CN j@3 vB;Y i@3c3 L<NRNc ,N a3,@ j@3 Tj s@3a3 j@3w
a3 03j3,j30 CN j3aLc R8 j@3 Bb?2Y i@3w 3qInj30  UaRU<jCRN
I3N<j@ R8 $Rnj ϺϺз NLY ?Rs3q3a. j@3w @0 jR nc3 vB;gTj cLA
UI3c s@C,@ s3a3 Ua3Ua30 3\nIIw CN cn,@  sw j@j j@3 CNj3a8,3
8Ra cLUI3c R8 j@3 cL3 c3aC3c Cc 3\nI CN j@j Cj Ua3q3Njc 0C{3a3Nj
cUCNALCuCN< ,RN0n,jN,3cY BN Rna ,c3 II j@3 vB; ~ILc s3a3
NRj Ua3Ua30 CN j@3 cL3 LNN3a. NRa sc j@3 0E,3Nj Tj ~ILY
i@3a38Ra3. j@3 ,RLUaCcRN R8 Bb?2 qRIj<3c $3js33N cLUI3c R8
0C{3a3Nj j@C,GN3cc3c Cc NRj 8qRna$I3Y r3 @q3 jR ccnL3 0C{3aA
3Nj CNj3a8,3c 8Ra 3,@ cLUI3Y i@Cc I30c jR 0C{3a3Nj cUCNALCuCN<
,RN0n,jN,3c. s@C,@ LG3c Cj CLURccC$I3 jR ,RLUa3 j@3 a3cnIjc
,aRcc II cLUI3cY 7naj@3aLRa3. j@3 j@3aLI ,RNj,j $3js33N
j@3 @3j3a N0 j@3 cLUI3c ,N 0C{3a 8Ra II cLUI3cY i@j Cc RN3
,aCjC,I URCNj s@w j@3 sRaG R8 F3@I$3a<3a 3j IY Cc ,RNjaRq3acCIIw
0Cc,ncc30Y Hj3a s3 sCII L3NjCRN cRL3 cRInjCRNc jR j@Cc GCN0 R8
UaR$I3LY
BN 2\Y Йϊ Cj $3,RL3c R$qCRnc j@j j@3 Bb?2 qRIj<3 a3,@3c Cjc
LuCLnL s@3N j@3 3uj3aNI L<N3jC, ~3I0 Cc IC<N30 U3aU3NA
0C,nIa jR j@3 3I3,jaC,I ,RNj,jc RN j@3 MK Iw3aY Qj@3asCc3. j@3
Bb?2 qRIj<3 03,a3c3c CN  ,Rc 8RaL. c 7C<Y ϊЕ @c c@RsN 8Ra
N<I3c ঢ $3js33N j@3 3uj3aNI L<N3jC, ~3I0 N0 j@3 uA0Ca3,jCRN
s@C,@ IC3c U3aU3N0C,nIa jR j@3 3I3,jaC,I ,RNj,jcY F3@I$3a<3a
3j IYϺϊο nc30 j@3 Hbb2 jR CNq3cjC<j3 j@3 L<N3jC, UaRU3ajC3c CN
vB; ~ILcY i@3w nc30 j@3 8,j j@j j@3 Bb?2 qRIj<3 0n3 jR 2\Y Йϊ
LCaaRac j@3 UaRE3,jCRN R8 j@3 L<N3jCyjCRN jR j@3 0Ca3,jCRN U3aA
U3N0C,nIa jR j@3 3I3,jaC,I ,RNj,jc qCyY j@3 uA0Ca3,jCRN CN Rna
,c3Y r@3N  L<N3jC, ~3I0 Cc cs3Uj CN $Rj@ 0Ca3,jCRNc sCj@ 
,3ajCN N<I3 ঢ RN3 ,N c33 j@3 a3q3acI UaR,3cc R8 j@3 L<N3jCyA
jCRN q3,jRa CN IRs L<N3jC, ~3I0cY i@Cc a3q3acI UaR,3cc 03U3N0c
RN NCcRjaRUC3c R8 j@3 7K Lj3aCI ,,RLUNC30 $w @a0 N0
3cw uCc 8Ra j@3 L<N3jCyjCRNY r3 ,RnI0 nc3 j@3 cL3 a<nA
L3NjjCRN 8Ra j@3 TwgTj ~ILc N0 j@3 a3q3acI UaR,3cc R8 j@3
L<N3jCyjCRN CN Tw s@C,@ <q3 nc j@3 ,@N<3 CN qRIj<3 0n3 jR
j@3 TM2Y i@3a38Ra3. j@3 TM2 N0 j@3 Hbb2 a3 <RR0 L3j@R0c
8Ra j@3 CNq3cjC<jCRN R8 j@3c3 a3q3acI UaR,3cc3c CN 83aaRL<N3jC,
ЋЎ
L3jIc N0 CNcnIjRac. a3cU3,jCq3IwY
r3@q3 c@RsNN<I3 03U3N03Nj Hbb2L3cna3L3Njc CN 7C<Y ϊз
N0 7C<Y ϊϺY 7Ra j@3 qRIj<3 CN cjnajCRN s3 ,RnI0 c33 j@3 jwUA
C,I ,Rc $3@qCRna R8 j@3 Hbb2 s@C,@ @c Cjc LuCLnL 8Ra 
L<N3jCyjCRN U3aU3N0C,nIa jR j@3 3I3,jaC,I ,RNj,jc N0 Cjc
LCNCLnL 8Ra L<N3jCyjCRN UaII3I jR j@3 ,RNj,jcY BN j@3 aN<3
sCj@ IRs3a L<N3jC, ~3I0c s3 ,N c33  0C{3a3Nj $3@qCRna 8Ra
$Rj@ cLUI3cY i@Cc 0C{3a3N,3 Cc UUa3Nj CN N NjCcwLL3jaC,
N0  cwLL3jaC, L<N3jCyjCRN a3q3acI UaR,3cc 8Ra j@3 vB; ~ILc
sCj@ j@C,GN3cc3c R8 ϺЕз NL N0 ϊƧL. a3cU3,jCq3IwY i@Cc ,N $3
a3ICy30 $w  ,RLUI3j3 aRjjCRN R8 j@3 L<N3jCyjCRN ǖ܀ 8Ra j@3 NA
jCcwLL3jaC, a3q3acI UaR,3cc N0 $w  aRjjCRN $3js33N зn A Ϻοзn
$,G N0 8Raj@ 8Ra j@3 cwLL3jaC, a3q3acI UaR,3ccY i@3 UU3aA
N,3 R8 N NjCcwLL3jaC, a3q3acI UaR,3cc Cc N a<nL3Nj <CNcj
 URccC$I3 TM2 0n3 jR  cUCN URIaCy30 Tj CNj3a8,3 Ra  URccC$I3
bK` 0aCq3N $w j@3 <3N3aj30 Bb?2 qRIj<3 s@C,@ Cc cjCII Ua3c3Nj
s@3N j@3 3uj3aNI L<N3jC, ~3I0 ۻ Cc UaII3I jR j@3 3I3,jaC,I
,RNj,jcY i@3 TM2 c s3II c j@3 bK` a3 cwLL3jaC, 3{3,jc sCj@
a3cU3,j jR ۻ N0 j@3 cwLL3jaC, a3q3acI UaR,3cc CN 7C<Y ϊϺ 8Ra j@3
ϊƧL j@C,G vB; ~IL ,RnI0 $3 LCcCNj3aUa3j30 $w RN3 R8 j@3c3 U@3A
NRL3NY ?Rs3q3a. j@3 TM2 ,RnI0 $3 N3<I3,j30 Ua3qCRncIwY i@3
bK`. N3q3aj@3I3cc. ,N IcR $3 N3<I3,j30 $w a3<a0CN< j@3 0Ca3,A
jCRN R8 j@3 LuCL 8Ra N<I3c ঢ $Rq3 N0 $3IRs ϮзnY i@3 Bb?2
qRIj<3 sRnI0 ,@N<3 Cjc cC<N N0 j@3 <3N3aj30 bK` sRnI0
,@N<3 8aRL LuCL jR LCNCLY
N NjCcwLL3jaC, L<N3jCyjCRN a3q3acI UaR,3cc ,RnI0 $3
R$c3aq30 $w F3@I$3a<3a 3j IYϺϊο CN Езз NL N0 ЙзNL j@CN vB;
~ILc Ua3Ua30 $w TH/. s@3a3c r3CI3a 3j IYϺϊϮ @q3 R$c3aq30
 cwLL3jaC, L<N3jCyjCRN a3q3acI UaR,3cc CN  Ϻз NL j@CN vB;
~IL s@C,@ sc IcR Ua3Ua30 $w TH/Y  j@C,GN3cc 03U3N03N,w
,NNRj $3 a3,R<NCy30 s@3N Rna L3cna3L3Njc a3 ,RLUa30 jR
j@3 ICj3ajna3 0jY ?Rs3q3a. N<I3 03U3N03Nj Hbb2 L3cna3A
L3Njc a3 @3IU8nI CN 03j3aLCNCN< L<N3jC, UaRU3ajC3c cn,@ c
NCcRjaRUC3c RN L<N3jC, CNcnIjRacY 2q3N RN q3aw j@CN ~ILc
s@3a3 Rj@3a L<N3jRL3jaw L3j@R0c @q3 j@3 0Cc0qNj<3 R8 CNA
n3N,3 $w cCLnIjN3RncIw L3cnaCN< j@3 cn$cjaj3Y 7Ra CNcjN,3.
 U3aU3N0C,nIaIw L<N3jCy30 vB; ~IL sRnI0 ,nc3 j@3 Bb?2
qRIj<3 jR 0CcUU3a sCj@  cLII 3uj3aNI L<N3jC, ~3I0Y BN j@Cc
0Ca3,jCRN j@3 3I3,jaC,I ,RNj,jc a3 NRj c3NcCjCq3 jR Nw cUCN ,naA
a3Njc $3,nc3 2\Y Йϊ sRnI0 a3cnIj CN y3aR s@3N j@3 cUCN ,naa3Nj
N0 j@3 cUCN 0Ca3,jCRN a3 UaII3IY
ϺϊϮ KY r3CI3a 3j IY T@wcC,I
`3qC3s H3jj3ac Ϻзο VЙзϺЙW
ϺзЎЎзЙ
ЋЋ
BN ,RN,IncCRN R8 j@Cc ,@Uj3a. s3 @q3 c@RsN 0C{3a3Nj L3A
cna3L3Nj ,RN~<najCRNc 8Ra j@3 cUCN b33$3,G 3{3,j RN j@3 L<A
N3jC, CNcnIjRa wjjaCnL CaRN <aN3j VvB;WY BN j@3 jaNcq3ac3 ,RN~<A
najCRN. s@C,@ sc Ia30w nc30 8Ra j@3 83aaRL<N3jC, ,RN0n,jRa
Tw. NR cUCN b33$3,G 3{3,j Vibb2W ,RnI0 $3 03j3,j30Y ?Rs3q3a.
s3 R$jCN30 ,RNjaC$njCRNc R8 j@3 IRN<Cjn0CNI cUCN b33$3,G 3{3,j
VHbb2W 0n3 jR nNCNj3N030 RnjAR8AUIN3 @3j Rsc ,nc30 $w j@3
3I3,jaC,I ,RNj,jcY Qj@3a cC03 3{3,jc s@C,@ s3a3 URccC$I3 CN j@Cc
L3cna3L3Nj ,RN~<najCRN ,RnI0 $3 N3<I3,j30Y i@3 Hbb2. CNA
cj30. ,RnI0 $3 CNq3cjC<j30 0Ca3,jIw CN LRa3 03jCIY r3 @q3
c@RsN j@3 jwUC,I $3@qCRna R8 j@Cc 3{3,j N0 @q3 0Cc,ncc30 Cj
CN LRa3 03jCI CN j@3 ,RNj3uj R8 j@3 ,naa3Nj ICj3ajna3Y
i@3 8njna3 R8 L<N3jC, CNcnIjRac CN cUCNjaRNC,c. L<NRNC,c
N0 3cU3,CIIw cUCN,IRaCjaRNC,c Cc sC03AaN<CN< 8aRL 8naj@3a $A
cC, a3c3a,@ R8 Una3 cUCN ,naa3Njc. Lj3aCI c,C3N,3 CN ~N0CN<
N0 jCIRaCN< N3s L<N3jC, CNcnIjRac 8Ra UUIC,jCRNc jR j@3
0UjjCRN R8 j@Cc Lj3aCI ,Icc CNjR 03qC,3c N0 IR<C,c 8Ra CNA
8RaLjCRN j3,@NRIR<wY i@3 cUCN b33$3,G 3{3,j. 3cU3,CIIw CN j@3
a3UaR0n,C$I3 ,RN~<najCRN R8 j@3 Hbb2. Cc s3II 3cj$ICc@30 CN
L<N3jC, CNcnIjRac ICG3 vB;Y i@3a38Ra3. Cj ,N $3 nc30 8Ra j@3
CNq3cjC<jCRN R8 L<N3jC, UaRU3ajC3c CN j@Cc Lj3aCI ,IccY i@3
8R,nc sCII $3 c3j RN j@3 CNq3cjC<jCRN R8 L<N3jC, cn$IjjC,3c R8
NjC83aaRL<N3jc N0 ,RLU3Ncj30 83aaRL<N3jc c 03c,aC$30.
3Y<Y. $w Q@NnL 3j IYϺχз
Ϻχз vY Q@NnL 3j IY T@wcC,I
`3qC3s # οЋ VЙзϺЕW зϺϊϊЙЕ
Ћο
bUCN b33$3,G 3{3,j CN NC,G3I 83aaCj3
i@Cc ,@Uj3a 03Ic sCj@ j@3 CNq3cjC<jCRN R8 j@3 cUCN b33$3,G 3{3,j RN j@3
83aaCL<N3jC, ,RLURnN0 NC,G3I 83aaCj3 VMC73ИQω. M7QWY BN j@Cc j@3cCc
s3 CNq3cjC<j30 M7Q ~ILc s@C,@ c@Rs30 c3LC,RN0n,jCN< $3@qCRna
0n3 jR  a30n,30 $N0 <U N0. j@3a38Ra3. j@3aLIIw ,jCqj30 ,@a<3
,aaC3a jaNcURajjCRNY r3 sCII CNjaR0n,3 j@3 Lj3aCI cwcj3L N0 <Cq3
N Rq3aqC3s R8 j@3 LCN U@wcC,I UaRU3ajC3cY 7naj@3aLRa3. j@3 LCN C03
jR nc3 j@Cc Lj3aCI 8Ra j@3 CNq3cjC<jCRN R8 cUCN ,IRaC, 3{3,jc sCII $3
CIIncjaj30Y i@3 LCN Uaj R8 j@Cc ,@Uj3a Cc 03qRj30 jR Ua3c3NjCN< j@3
3uU3aCL3NjI a3cnIjcY 8j3a j@j. s3 sCII 0Cc,ncc j@3 a3cnIjc CN j3aLc R8
j@3 R$c3aq30 3{3,jc N0 j@3Ca CLURajN,3 CN cUCN ,IRaCjaRNC,cY KRcj R8
j@3c3 a3cnIjc s3a3 Un$ICc@30 CN ЙзϺЕ N0 ЙзϺχYϺχϺ
MC,G3I 83aaCj3
i@3 83aaCL<N3j NC,G3I 83aaCj3 VMC73ИQω. M7QW Cc  ,RLURnN0 $3A
IRN<CN< jR j@3 cUCN3I <aRnU $nj sCj@ j@3 CNq3ac3 cUCN3I cjan,jna3Y
Kj3aCIc sCj@ j@3 CNq3ac3 cUCN3I cjan,jna3 #ИQω ,RNcCcj R8 jsR
j3ja@30aRNc sCj@ @I8 R8 j@3 #ДZ ,jCRNc R,,nUC30 j j@3  cCj3c
N0 RN3 R,j@30aRN sCj@ j@3 ИZ N0 j@3 Rj@3a @I8 R8 j@3 #ДZ
CRNc 3\nIIw 0CcjaC$nj30 j j@3 # cCj3cYϺχЙ c CN j@3 ,c3 R8 vB;
j@3a3 a3 ο 8RaLnI nNCjc CN RN3 nNCj ,3IIY 2,@ nNCj ,3II ,RNcCcjc
R8 χЎ jRLcY i@Cc a3cnIjc CN  IjjC,3 UaL3j3a R8 $Rnj зοЕϊNLY
i@3 L<N3jC, LRL3Nj ,RL3c 8aRL j@3 MCИZ CRNc RN j@3 # cCj3c
s@CI3 j@3L<N3jC, LRL3Njc 8aRL j@3 73ДZ ,jCRNc RN j@3 N0 #
cCj3c a3 NjC83aaRL<N3jC,IIw ,RnUI30 j@aRn<@  cnU3a 3u,@N<3
CNj3a,jCRN Rq3a j@3 Ruw<3N jRLcYϺχЕ i@Cc a3cnIjc CN  83aaCL<A
N3jC, cjj3 sCj@ ভ۵ U3a 8RaLnI nNCjY i@3 M7Q ~ILc s@C,@ s3a3
nc30 CN j@Cc j@3cCc s3a3 Ua3Ua30 $w 0Ca3,j IC\nC0 CNE3,jCRN ,@3LA
C,I qURna 03URcCjCRN V/HBA+p/WY BN j@3 /HB j3,@NC\n3  IC\nC0
cRInjCRN R8 jsR Ua3,nacRac )MCV,,Wଓ N0 73V,,Wଔ* CN j@3 LRIa
ajCRN R8 Ϻ-Й N0 j@3 cRIq3Nj M.MA0CL3j@wI 8RaLjj30 V/K7W a3
qURaCy30 j  j3LU3ajna3 R8 ϺЋχ ˫+ jR R$jCN  ~IL <aRsj@ aj3
ϺχϺ /Y K3C3a 3j IY T@wcC,I
`3qC3s # οЋ VЙзϺЕW зχϊϊЙϺd
/Y K3C3a 3j IY Mjna3 +RLA
LnNC,jCRNc Ў VЙзϺχW οЙϺϺ
ϺχЙ MY HC 3j IY +@3LC,I
pURa /3URcCjCRN ϺЋ VЙзϺϺW
ЙЎϺ
ϺχЕ /Y 7aCjc,@ N0 +Y 203a3aY
T@wcC,I `3qC3s # οЙ VЙзϺзW
ϺзϊϺϺЋ
TaRU3ajw pIn3 mNCj `38Y
HjjC,3 ,RNcjNj ଑ зοЕϊ NL VW
+naC3 j3LU3ajna3 i۶ ̛  ˫+ V$W
bjnajCRN L<N3jCyjCRN ЕϺзз jR <ncc VW
Еοзз
/LUCN< ,RNcjNj ϊχ  Ϻз˥Е V,W
`3cCcjCqCjw VϺϺЕĢЙЎЎWƨϺзϊ Ǭ ,L V0W
i$I3 ϊ- TaRU3ajC3c R8 MC73ИQω jG3N 8aRL VW HC 3j IY. V$W /CRNN3. V,W v<3a 3j IY
N0 V0W `C 3j IYϺχϊ
Ϻχϊ MY HC 3j IY +@3LC,I
pURa /3URcCjCRN ϺЋ VЙзϺϺW
ЙЎϺd ;3aI0 7Y /CRNN3Y DRnaA
NI R8 UUIC30 T@wcC,c ЎЕ
VϺϮοοW ЕЋЋЋd rY Y v<3a 3j
IY T@wcC,I `3qC3s οз VϺϮχзW
Ћϊϊd `Y +Y `C 3j IY UUIC30
T@wcC,c  ϺзЎ VЙзϺЙW ЙзЋ
Ϻχχ +Y FI3s3 3j IY DRnaNI R8
UUIC30 T@wcC,c ϺϺχ VЙзϺϊW
ϺЙЕϮзЕ
ϺχЎ [YA+Y bnN 3j IY T@wcC,I
`3qC3s # οЎ VЙзϺЙW ЙзχϺзЎ
ϺχЋ `Y +Y `C 3j IY UUIC30
T@wcC,c  ϺзЎ VЙзϺЙW ЙзЋd
DY ?3j<3 3j IY BNRa<NC,
,@3LCcjaw ϊϮ VЙзϺзW ϺϺЎϺϮd
bY MY /RIC 3j IY BN0CN
DRnaNI R8 Tna3 N0 UUIC30
T@wcC,c ϊϊ VЙззЎW ЋЋϊd bY
#IEC 3j IY Kj3aCIc b,C3N,3
N0 2N<CN33aCN<- # ϺϺϮ
VЙззχW ϺϺϮd `Y /Y rI0aRNY
T@wcC,I `3qC3s ϮϮ VϺϮχχW
ϺЋЙЋ
CN  aN<3 R8 Ϻз jR Ϻο NLLCN˥ϺY M7Q ~ILc sCj@ j@C,GN3cc3c R8 Ϻ
jR ϺЙƧL s3a3 03URcCj30 j cn$cjaj3 j3LU3ajna3c $3js33N χзз
jR οзз ˫+Y ?3a3. K<IИQω VKQW VϺззWARaC3Nj30 cn$cjaj3c s3a3
nc30 s@C,@ @q3  IjjC,3 UaL3j3a R8 зοзο NLY i@3 LCcLj,@
$3js33N j@3 M7Q N0 j@3 KQ cn$cjaj3 I30c jR j3ja<RNI
0CcjRajCRN N0 @RaCyRNjI cja3j,@CN< R8 j@3 IjjC,3 UaL3j3aYϺχχ
`3,3Nj RUjC,I cU3,jaRc,RUw L3cna3L3Njc c@Rs N CN0Ca3,j
$N0 <U R8 $Rnj ϺЎ 3p CN j@3LCNRaCjw ,@NN3I N0  0Ca3,j $N0
<U R8 $Rnj Йϊ jR Йο 3p 8Ra M7Q ~ILc R8 j@C,GN3cc3c $3js33N
Ϻχз jR ЙЋзNLYϺχЎ Qj@3a 3uU3aCL3NjI 0j 8Ra j@3 RUjC,I $N0
<U aN<3 8aRL зЕЕ 3p jR ЕЋ 3p 8Ra j@CN ~ILc c s3II c 8Ra j@3
$nIGYϺχЋ 7naj@3a a3I3qNj UaL3j3ac a3 c@RsN CN i$Y ϊY
i@3 Ua3Ua30 N0 CNq3cjC<j30 M7Q ~ILc CN j@Cc j@3cCc c@Rs
c3LC,RN0n,jCN< $3@qCRna sCj@ IRs ,jCqjCRN 3N3a<w R8 $Rnj
ззϮ 3p 8Ra j@3aLIIw 3u,Cj$I3 ,@a<3 ,aaC3acY i@3 3I3,jaC,I
,RN0n,jCqCjw Cc ,RNjaRII$I3 $w qawCN< j@3 j3LU3ajna3 0n3 jR
j@3 c3LC,RN0n,jCN< UaRU3ajC3cY i@3a38Ra3. j@3 M2 CN0n,30 $w
 ,RN0n,jCq3 M7Q ~IL ,N $3 cnUUa3cc30 j IRs j3LU3ajna3cY
i@Cc LG3c Cj q3aw CNj3a3cjCN< 8Ra j@3 CNq3cjC<jCRN R8 cUCN ,IRaC,
jaNcURaj U@3NRL3NY
ibb2 L3cna3L3Njc RN M7QgTj
7Cacj R8 II. ibb2L3cna3L3Njc RNM7QgTj s3a3 0RN3 CN q,nnL
j aRRL j3LU3ajna3Y  χ  ϺзLLЙ M7Q ~IL R8 ϺƧL j@C,GN3cc
sCj@  Ϻз NL j@CN Tj cjaCU RN RN3 cLUI3 cC03 sc CNq3cjC<j30Y
i@Cc cLUI3 sc ,RNj,j30 N0 L3cna30 CN j@3 cL3 sw c
s3 CNq3cjC<j30 j@3 vB;gTj ~IL CN j3aLc R8 j@3 ibb2 CN q,nnLY
i@3a38Ra3. j@3 3N0c R8 j@3 Tj cjaCU s3a3 ,RNj,j30 sCj@ ЙχƧL j@CN
n $RN0CN< sCa3c N0 <In30 jR ,RUU3a sCa3c sCj@ cCIq3a Ucj3
8Ra j@3 qRIj<3 L3cna3L3NjY i@3 cLUI3 sc ,ILU30 $3js33N
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7C<na3 ϊЋ- K3cna3L3Njc RN M7QgTj CN j@3 ibb2 ,RN~<najCRN 8Ra 0C{3a3Nj
CNAUIN3 j3LU3ajna3 <a0C3Njc U3a8RaL30 nN03a q,nnLY i@3 Tj cjaCU sc
,RNj,j30 sCj@ ЙχƧL j@CN n $RN0CN< sCa3c N0 sc IR,j30 VW RN j@3 @Rj cC03
N0 V$W RN j@3 ,RI0 cC03Y
CNAUIN3 j3LU3ajna3 0C{3a3N,3 æ܇ܤ sc 03j3aLCN30 $3js33N
j@3 ,RUU3a $IR,GcY
BN 7C<Y ϊЋ j@3 L3cna3L3Njc 8Ra Tj cjaCU RN j@3 @Rj N0 j@3
,RI0 cC03 a3 0CcUIw30Y i@3 jaNcq3ac3 qRIj<3 ܉ Cc UIRjj30 c 
8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ Y MR cC<NC~,Nj 3{3,j
,N $3 R$c3aq30 sCj@CN  c3NcCjCqCjw ICLCj R8 $Rnj oЙзNp. s@C,@
Cc ,RLUa$I3 jR j@3L3cna3L3Njc RN vB;gTj s3 IcR U3a8RaL30
CN q,nnLY r3 ~N0 NR ibb2 NRa Nw Rj@3a NjCcwLL3jaC, cC03
3{3,jc s@C,@ s3a3 0aCq3N $w N nNCNj3N030 RnjAR8AUIN3 j3LU3aA
jna3 <a0C3NjY
BN j@3 N3uj cj3U. j@3 CNn3N,3 R8 N RnjAR8AUIN3 @3j Rs RN
M7QgTj CN0n,30 $w ,RNj,j jCUc @c jR $3 CNq3cjC<j30 CN 03jCI jR
<3j N CLUa3ccCRN R8 CN0n,30 L<NCjn03c R8 ܉cjY i@3a38Ra3. j@3
N3uj L3cna3L3Njc s3a3 U3a8RaL30 nN03a L$C3Nj ,RN0CjCRNc
N0 j@3 Tj cjaCU sc ,RNj,j30 $w j@3 cL3 jCUc s3 nc30 8Ra j@3
vB;gTj $CIw3acY i@3 Tj cjaCU Cc ,RNj,j30 $w j@3 j@CNN3cj r jCUc
sCj@  ,RNj,j a3 R8 ۴  зззЕLLЙY i@3 L3cna3L3Njc a3
c@RsN CN 7C<Y ϊοY  ,I3a NjCcwLL3jaC, 3{3,j Cc R$jCN30 sCj@
j@3 Tj cjaCU IR,j30 RN j@3 @Rj cC03. s@3a3c  URccC$I3 3{3,j
sCj@ j@3 Tj cjaCU RN j@3 ,RI0 cC03 Cc @a0 jR CL<CN3 sCj@CN j@3
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magnetic field H (kOe)
∆Tx = 15K
cold side
7C<na3 ϊο- K3cna3L3Njc RN M7QgTj CN j@3 ibb2 ,RN~<najCRN U3a8RaL30 nN03a
L$C3Nj ,RN0CjCRNcY i@3 CNAUIN3 j3LU3ajna3 0C{3a3N,3 ୩܇ܤ sc ~u30 j ϺχF
sCj@ Tj cjaCU IR,j30 RN j@3 @Rj cC03 VW N0 j@3 ,RI0 cC03 V$WY i@3 qRIj<3 ܉ sc
L3cna30 $w ncCN< j@CN r jCUc sCj@  ,RNj,j a3 ۴  зззЕLLЙY
cjaCU Cc ccnL30 jR $3 j@3 a3cRN 8Ra j@3 R$c3aq30 3{3,jY i@Cc
UaRLRj3c  Ia<3a ,RNj,j a3 N0. j@3a38Ra3. j@3 UU3aN,3 R8
N RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj s@C,@ I30c jR RN3 R8 j@3
3{3,jc Ua3c3Nj30 CN 7C<Y ϺϊY i@3 $c3N,3 R8 cC<N ,@N<3 a3q3acI
I30c jR j@3 $c3N,3 R8 j@3 ibb2s@C,@ ,RnI0 IcR NRj $3 R$c3aq30
3q3N s@3N j@3 Tj cjaCU sc ,RNj,j30 $w cn|,C3NjIw j@CN n




























































































7C<na3 ϊϮ- K3cna3L3Njc RN M7QgTj CN j@3 ibb2 ,RN~<najCRN U3a8RaL30 nN03a L$C3Nj ,RN0CjCRNcY i@3 CNAUIN3
j3LU3ajna3 0C{3a3N,3 ୩܇ܤ sc ~u30 j ϺχF N0 j@3 Tj cjaCU sc ,RNj,j30 $w 0C{3a3Nj r N0 n jCUc 8Ra Tj cjaCU
IR,jCRNc VW. V$W RN j@3 @Rj cC03 N0 V,W. V0W RN j@3 ,RI0 cC03Y i@3 ,RNj,j a3c a3 ۴  зЙοLLЙ N0 ۴  ззЎLLЙ
8Ra j@3 j@C,G N0 j@CN n jCUc N0 ۴  зЙЋLLЙ N0 ۴  зззЕLLЙ 8Ra j@3 j@C,G N0 j@CN r jCUc. a3cU3,jCq3IwY
οЙ
,nc3 N Hbb2. M2 Ra UaRuCLCjw M2 V7C<Y ϺϊWY
i@3 CNn3N,3 R8 0C{3a3Nj jCUc sCj@ 0C{3a3Nj ,RNj,j a3c ۴
s3a3 IcR CNq3cjC<j30 RN M7QgTj CN j@3 cL3 sw s3 0C0 RN
vB;gTjY BN 7C<Y ϊϮ L3cna3L3Njc 8Ra Tj cjaCU IR,j30 RN j@3 @Rj
N0 j@3 ,RI0 cC03 a3 UIRjj30Y i@3 Tj sc ,RNj,j30 sCj@ j@C,G
N0 j@CN n N0 r jCUc. a3cU3,jCq3IwY N NjCcwLL3jaC, 3{3,j
sCj@ j@3 cL3 cC<N CN ܉ 03U3N0CN< RN ۻ Cc R$jCN30 8Ra II Tj
cjaCU IR,jCRNc N0 jCU ,RL$CNjCRNcY i@3 L<NCjn03 R8 ܉cj Cc
a30n,30 8Ra cLII3a jCU ,RNj,j a3c N0 03,a3c3c c 3uU3,j30
s@3N j@3 j3LU3ajna3 0C{3a3N,3 $3js33N j@3 jCU N0 j@3 cLUI3
<3jc cLII3aY i@Cc 03,a3c3 @UU3Nc 3cU3,CIIw s@3N j@3 Tj cjaCU
Cc IR,j30 RN j@3 ,RI0 cC03 R8 j@3 M7Q ,RLUa30 jR j@3 c3jjCN<
s@3a3 Cj Cc RN j@3 @Rj cC03Y
BN j@3 N3uj cj3U. s3 sNj30 jR CNq3cjC<j3 j@3 $3@qCRna R8
j@3 NjCcwLL3jaC, 3{3,j s@3N j@3 RnjAR8AUIN3 @3j Rs Cc CNA
n3N,30 CNj3NjCRNIIwY i@3a38Ra3. j@3 3N0c R8 j@3 Tj cjaCU s3a3
,RNj,j30 sCj@ @3j$I3 n jCUc N0 sCj@Rnj N CNAUIN3 j3LA
U3ajna3 <a0C3Nj N0 CNj3NjCRNI @3jCN< R8 RN3 R8 j@3 n jCUc.
a3cU3,jCq3IwY i@3 L3cna3L3Njc CN 7C<Y χз VW N0 χз V$W s3a3














-1.0 -0.5 0.0 0.5 1.0
magnetic field H (kOe)
















-1.0 -0.5 0.0 0.5 1.0
magnetic field H (kOe)
 RT+  0K
 RT+31K



























-1.0 -0.5 0.0 0.5 1.0
magnetic field H (kOe)
















-1.0 -0.5 0.0 0.5 1.0
magnetic field H (kOe)
 RT+  0K
 RT+31K














7C<na3 χз- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ L3cna30 sCj@ n jCUc RN j@3 @Rj
cLUI3 cC03 sCj@ VW ୩܇ܤ  зF N0 V$W ЕзFY K3cna3L3Njc sCj@ n jCUc RN j@3 ,RI0 cLUI3 cC03 sCj@ V,W ୩܇ܤ  зF
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7C<na3 χϺ- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ
L3cna30 sCj@ n jCUc IR,j30 RN j@3 @Rj cC03 sCj@ ୩܇ܤ  ϺЙF N0 0C{3a3Nj n
jCU j3LU3ajna3cY
U3ajna3 <a0C3Njc Væ܇ܤ  зFW N0 NR n jCU @3jCN< V`iZзFW
j@3a3 Cc NR R$c3aq$I3 3{3,j c 3uU3,j30Y r@3N j@3 n jCU Cc
@3j30 j `i  ЕϺF N0 N RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj
Cc <3N3aj30 s3 ,N R$c3aq3 N Hbb2 sCj@  L<NCjn03 ܉cj R8
$Rnj ϺοƧpY r@3N s3 csCj,@ R{ j@3 n jCU @3jCN< N0 UUIw
N CNAUIN3 j3LU3ajna3 <a0C3Nj sCj@ æ܇ܤ  ЕзF s3 R$jCN
 L<NCjn03 R8 ܉cj  ˥ϺЎƧp V7C<Y χз V$W. `iZзFWY i@3 cC<N
R8 ܉cj @c ,@N<30. s@C,@ Cc ,nc30 $w  a3q3acI R8 j@3 RnjAR8A
UIN3 @3j Rs 0aCq3N j@aRn<@ j@3 n jCUY r@3N j@3 jCU Cc @3j30
V܇N330I3  `i  ЕϺFW s3 ,N R$c3aq3  03,a3cCN< R8 j@3 $cRInj3
qIn3 R8 j@3 L<NCjn03 jR ܉cj  ˥зЎχƧpY
r@3N j@3 Tj cjaCU Cc IR,j30 RN j@3 Rj@3a cC03 R8 j@3 M7Q ~IL
s3 ,N R$c3aq3 j@3 cL3 $3@qCRna s@3N j@3a3 Cc NR CNAUIN3
j3LU3ajna3 <a0C3Nj N0 NR jCU @3jCN< V7C<Y χз V,WWY i@3a3 Cc NR
R$c3aq$I3 3{3,j c 3uU3,j30Y  L<NCjn03 R8 ܉cj  ϺϺƧp Cc
R$jCN30 s@3N j@3 n jCU Cc @3j30 nU jR ܇N330I3  `i ЕϺFY QN
$Rj@ cC03c R8 j@3 M7Q ~IL s3 <3j j@3 cL3 cC<N R8 L<NCjn03
s@3N RNIw j@3 n jCU Cc @3j30Y i@Cc CN0C,j3c  <RR0 ,RNjaRIA
I$CICjw R8 j@3 jCU @3jCN< N0 j@3 <3N3ajCRN R8 N RnjAR8AUIN3
@3j RsY
BN j@3 N3uj cj3U. j@3 CNAUIN3 j3LU3ajna3 <a0C3Nj Cc jnaN30
RN Væ܇ܤ  ЕзF. 7C<Y χз V0WWY MRs s3 ,@C3q3 N Hbb2 sCj@ 
L<NCjn03 R8 $Rnj ܉cj  ЙοƧp s@C,@ ,N $3 03,a3c30 jR܉cj  ЙϊƧp s@3N j@3 n jCU Cc <CN c3j jR  j3LU3ajna3܇N330I3  `i  ЕϺFY +RLUa30 jR 7C<Y χз V$W s3 <3j  Ia<3a L<A
NCjn03 RN j@3 ,RI0 cLUI3 cC03 s@3N j@3 cL3 CNAUIN3 j3LU3aA
jna3 <a0C3Nj Cc UUIC30Y r3 @q3 jR jG3 CNjR ,,RnNj j@j j@3
,RNj,j a3 R8 j@3 n jCU RN j@3 cLUI3 ,N cIC<@jIw 0C{3a s@3N
j@3 cLUI3 Cc ,RNj,j30 <CNY i@3 ,RNj,j a3 c33Lc jR $3 Ia<3a
8Ra j@3 Tj cjaCU RN j@3 ,RI0 cC03Y ?Rs3q3a. j@3 L<NCjn03 ,N $3
03,a3c30 $w @3jCN< j@3 n jCUY r3 ,NNRj ~N0 Nw 3qC03N,3
οϊ
8Ra  URccC$I3 ibb2 s@C,@ sRnI0 ,nc3 j@Cc $3@qCRna. cCN,3 NR
ibb2 sc R$c3aq30 s@3N q3aw j@CN jCUc s3a3 nc30Y
iR cnUURaj j@3 Ua3qCRnc a<nL3Nj s3 UUIC30  cLII3a CNA
UIN3 j3LU3ajna3 <a0C3Nj ˚܇ܤ N0 @3j30 nU j@3 n jCU <CN
CN Ra03a jR ,@N<3 j@3 @3j Rs 0Ca3,jCRN R8 j@3 RnjAR8AUIN3 j3LA
U3ajna3 <a0C3Nj N0 ,@N<3 j@3 cC<N R8 ܉cjY i@Cc $3@qCRna Cc
c@RsN CN 7C<Y χϺY rCj@Rnj n jCU @3jCN< j@3 NjCcwLL3jaC, 3{3,j
@c j@3 cL3 cC<N ,RLUa30 jR Ua3qCRnc L3cna3L3Njc s@3a3
j@3 @3j Rsc 8aRL j@3 cLUI3 CNjR j@3 jCUY 7Ra ܇N330I3  `iϺЙF
j@3 3{3,j ILRcj qNCc@3cY r@3N j@3 N330I3 j3LU3ajna3 Cc 8naA
j@3a CN,a3c30 jR ܇N330I3  `i ЙϊF s3 R$jCN N NjCcwLL3jaC,
3{3,j sCj@  a3q3ac30 cC<N s@C,@ Cc 8naj@3a CN,a3c30 8Ra  N330I3
j3LU3ajna3 ܇N330I3  `i  ЕϺFY
Hbb2 L3cna3L3Njc RN M7QgTj
BN ЙзϺЕ. s3 c@Rs30 j@3 Ua3c3N,3 R8 j@3 Hbb2 CN c3LC,RN0n,jCN<
M7Q s@C,@ sCII $3 Ua3c3Nj30 CN j@Cc c3,jCRNYϺχο BN j@3 cL3 w3a
`LRc 3j IYϺχϮ Ua3c3Nj30 Hbb2 L3cna3L3Njc CN 73ДQω $Rq3
N0 $3IRs j@3 p3as3w jaNcCjCRNYϺЎз BN $Rj@ Lj3aCIc. M7Q N0
73ДQω. j@3a3 a3 nNCNj3N030 cC03 3{3,jc. ICG3 j@3 M2Y ?Rs3q3a.
j@3 M2 N0 j@3 Hbb2 ,RNjaC$njCRN ,RnI0 $3 c3Uaj30 CN $Rj@
Lj3aCIc $w L3cnaCN< sCj@ N0 sCj@Rnj Tj RN jRU j aRRL
j3LU3ajna3 N0 IRs j3LU3ajna3cY i@3 M2 ,RnI0 $3 csCj,@30
RN N0 R{ sCj@ j@3 ,RN0n,jCN< $3@qCRna R8 j@3 c3LC,RN0n,jCN<
Lj3aCIc. ,RNjaRII30 $w 0C{3a3Nj j3LU3ajna3cY
Hbb2 CNq3cjC<jCRNc RN M7Q ~ILc s3a3 0RN3 j aRRL j3LU3aA
jna3 N0 j IRs j3LU3ajna3cY i@3 0qNj<3 R8 j@3 ~ILc nc30
sc j@3 RUURajnNCjw jR csCj,@ RN N0 R{ j@3 3I3,jaC,I ,RN0n,jCqA
Cjw $w ,@N<CN< j@3 j3LU3ajna3 N0. j@3a38Ra3. j@3 ,RNjaC$njCRN
R8 j@3 nNCNj3N030 M2Y
7Ra  ,@a,j3aCyjCRN R8 j@3 L<N3jCyjCRN UaRU3ajC3c R8 j@3
M7Q nc30 s3 U3a8RaL30 qC$ajCN< cLUI3 L<N3jRL3jaw VpbKWY
BN j@3 ~acj L3cna3L3Njc. N M7Q ~IL R8 ϺƧL j@C,GN3cc sCj@
 Ϻз NL j@C,G Tj ~IL RN jRU sc CNq3cjC<j30Y i@3 ~IL sc 03A
URcCj30 RN ο  χLLЙ K<IИQω VϺW cn$cjaj3c $w /HBA+p/Y BN
7C<Y χЙ VW j@3 L<N3jC, LRL3Nj ভ Cc Ua3c3Nj30 N0 sc NRaA
LICy30 jR j@3 cjnajCRN qIn3 ভcjY  ,R3a,Cq3 ~3I0 R8 $Rnj
ϺЎχ o ЙχQ3 ,RnI0 $3 ,@C3q30 s@C,@ Cc j@3 cL3 csCj,@CN< ~3I0
R8 j@3 R$c3aq30 Bb?2 qRIj<3 RN j@3 Tj cjaCUY BN 7C<Y χЙ V$W j@3
,R3a,Cq3 ~3I0 N0 j@3 c\na3N3cc R8 j@3 M7QgTj cLUI3 Cc UIRjj30
c  8nN,jCRN R8 j@3 N<I3 ঢ s@C,@ IC3c CN j@3 cLUI3 UIN3Y #Rj@
<aU@c CN0C,j3  8Rna8RI0 L<N3jC, NCcRjaRUw ,nc30 $w j@3 ,nA
Ϻχο /Y K3C3a 3j IY T@wcC,I
`3qC3s # οЋ VЙзϺЕW зχϊϊЙϺ
ϺχϮ `Y `LRc 3j IY UUIC30
T@wcC,c H3jj3ac ϺзЙ VЙзϺЕW
зЋЙϊϺЕ
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7C<na3 χЙ- VW MRaLICy30 L<N3jC, LRL3Nj ভভcj R8 M7Q ,RLUa30 jR j@3 Bb?2
qRIj<3 ܉ CN j@3 Hbb2 ,RN~<najCRN s@C,@ c@Rsc j@3 cL3 csCj,@CN< $3@qCRna
sCj@ a3cU3,j jR j@3 3uj3aNI L<N3jC, ~3I0ۻ Y V$W i@3 c\na3N3cc N0 j@3 ,R3a,Cq3
~3I0 ۻܐ c  8nN,jCRN R8 j@3 N<I3 ঢ R8 j@3 cLUI3 IC<NL3NjY
$C, CNq3ac3 cUCN3I cjan,jna3 R8 j@3 M7QY isR 3cw u3c a3 8RnN0
8Ra ঢ  ϊχngЙЙχn N0 ঢ  ϺЕχngЕϺχnY i@Cc Cc CN ,Raa3cURN03N,3
jR j@3 ,awcjIIR<aU@C, cjan,jna3 R8 j@3 M7Q CN ѢϺϺзѣ 0Ca3,jCRNY
7Ra j@3 Hbb2 CNq3cjC<jCRNc. j@3 M7QgTj cwcj3L sc ,ILU30
$3js33N jsR ,RUU3a $IR,Gc sCj@  χззƧL j@C,G cUU@Ca3 cn$A
cjaj3 8Ra 3I3,jaC,I CNcnIjCRNY  cLII LRnNj R8 j@3aLI <a3c3
$3js33N j@3 cLUI3. j@3 cUU@Ca3 cn$cjaj3 N0 j@3 ,RUU3a $IR,Gc
cnUURaj30 j@3 j@3aLI ,RN0n,jCRN $3js33N j@3 Iw3ac N0 ,RLA
U3Ncj30 LCccCN< ,RNj,j 0n3 jR j@3 Lj3aCIcȕ aRn<@N3ccY i@3
$RjjRL ,RUU3a $IR,G sc @3j30 N0 ,RRI30 $w  T3IjC3a 3I3L3NjY
r3 L3cna30 j@3 j3LU3ajna3 0C{3a3N,3 $3js33N j@3 ,RUU3a
$IR,Gc $w L3Nc R8 jsR iAjwU3 j@3aLR,RnUI3cY 7Cacj. s3 UUIC30
 j3LU3ajna3 0C{3a3N,3 æ܇ܦ CN  aN<3 R8 ˥ϺзF jR ϺзF $3js33N
j@3 jsR ,RUU3a $IR,GcY i@3 qRIj<3 ܉ sc L3cna30 RN j@3 Tj
~IL jaNcq3ac3Iw jR j@3 3uj3aNI L<N3jC, ~3I0 ۻ nU jR Ϻ GQ3
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7C<na3 χЕ- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ 8Ra qaCRnc RnjAR8AUIN3 j3LU3ajna3
<a0C3Njc ˚܇ܦ VW sCj@ j@3 @Rj cC03 RN jRU N0 V$W j@3 @Rj cC03 j j@3 $RjjRL R8 j@3 cLUI3Y
οЎ
Cc c@RsN c  8nN,jCRN R8 ۻ 8Ra qaCRnc æ܇ܦY i@3 <aU@c c@Rs
@wcj3a3jC,I $3@qCRna NjCcwLL3jaC, sCj@ a3cU3,j jR ۻ 8Ra 3,@æ܇ܦY 7Ra æ܇ܦ  зF j@3 qRIj<3 cC<NI 0CcUU3acY i@3 qRIj<3
CN cjnajCRN ܉cj ,@N<3c Cjc cC<N 03U3N0CN< RN j@3 j3LU3aA
jna3 <a0C3Nj 0Ca3,jCRNY i@Cc Cc c@RsN CN 7C<Y χχ VW c s3II c j@3
UaRURajCRNICjw $3js33N ܉cj N0 æ܇ܦY 7naj@3aLRa3. j@3 N<I3
03U3N03N,w R8 ۻ CN j@3 cLUI3 UIN3 sc CNq3cjC<j30. s@C,@
Cc c@RsN CN 7C<Y χϊ 8Ra qaCRnc N<I3c ঢ sCj@ a3cU3,j jR j@3 uA
0Ca3,jCRN V,8Y cG3j,@ CN 7C<Y χϊWY BN 7C<Y χχ V$W ܉cj Cc UIRjj30 c 
8nN,jCRN R8 ঢY i@3 CN0CqC0nI L3cna3L3Njc 8Ra  ,3ajCN N<I3
c@Rs  03,a3c3 R8 ܉cjY ?Rs3q3a. 3q3N 8Ra ঢ  Ϯзn  qRIj<3
cC<NI sCj@ jsR LCNCL aRnN0 j@3 ,R3a,Cq3 ~3I0 ,N $3 8RnN0
s@C,@ Cc cwLL3jaC, sCj@ a3cU3,j jR ۻ Y
7C<Y χЕ jR 7C<Y χχ 03c,aC$3 j@3 ,@a,j3aCcjC,c R8 j@3 Hbb2. 3Y<Y.
j@3 UaRURajCRNICjw R8 j@3 Bb?2 qRIj<3 sCj@ æ܇ܦ N0 j@3a38Ra3
j@3 L<NCjn03 R8 j@3 0aCq3N cUCN ,naa3Nj c s3II c j@3 cC<N
a3q3acI 03U3N0CN< RN j@3 j3LU3ajna3 <a0C3Nj 0Ca3,jCRNY i@3
03U3N03N,3 R8 ۻ 03c,aC$3c j@3 0Ca3,jCRN R8 j@3 cUCN URIaCyjCRN
q3,jRa s@C,@ IcR ,@N<3c j@3 cC<N R8 ܉ Y 7naj@3aLRa3. j@3 N<I3
03U3N03N,w Cc <Cq3N $w j@3 ,aRcc UaR0n,j R8 2\Y Йϊ s@C,@ c@Rsc
 cCN ,naq3 8Ra j@3 03~N30 N<I3 ঢ V7C<Y χχ V$WWY
r3 CNq3cjC<j30 j@3 ,RN0n,jCqCjw R8 j@3 Una3 M7Q ~IL sCj@A
Rnj Tj RN jRU jR 3cjCLj3 j@3 URccC$CICjw R8 N M2 ,RNjaC$njCRN
CN j@3 Hbb2 L3cna3L3NjcY 7Ra j@Cc a3cRN. jsR ,RNj,j ICN3c
,RNcCcjCN< R8 χ NL i N0 χNL n sCj@  sC0j@ R8 ϺззƧL s3a3
03URcCj30 RN  M7Q ~IL R8 ϺƧL CN j@C,GN3ccY #w ,RNj,jCN<
j@3 3N0c R8 3,@ ign cjaCU s3 s3a3 $I3 jR L3cna3 j@3 a3cCcA
jN,3 R8 j@3 M7Q ~IL CN  8RnaAURCNjA<3RL3jawY i@Cc sc 0RN3
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7C<na3 χϊ- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ 8Ra 0C{3a3Nj N<I3c ঢ sCj@ a3cU3,j jR
j@3 3I3,jaC,I ,RNj,jc CN j@3 wA0Ca3,jCRNY VW 7Ra N RnjAR8AUIN3 j3LU3ajna3 0C{3a3N,3 ୩܇ܦ  ϺзF N0 V$W 8Ra 
a3q3ac30 j3LU3ajna3 <a0C3Nj sCj@ ୩܇ܦ  ˥ϺзFY
οЋ
CNcC03  ,IRc30A,w,I30 @3ICnL ,awRcjjY i@3 a3cCcjN,3 ܅ sc
L3cna30 sCj@  F3Cj@I3w Йззз UaRqC0CN<  aN<3 nU jR ϺЙз;ǬY
j aRRL j3LU3ajna3  a3cCcjN,3 R8 $Rnj 
ЕЕЎЋ o зЎGǬ sc
R$jCN30Y 7Ra IRs3a j3LU3ajna3c j@3 a3cCcjN,3 CN,a3c30 jR 
qIn3 R8 $Rnj 
οЕЕ o ЎϮ;Ǭ j χзFY i@3c3 qIn3c ,Raa3cURN0
jR ,RN0n,jCqCjC3c ঴ R8 $Rnj 
ϊЋχЙϮ o зззοχǬ˥Ϻ L˥Ϻ j aRRL
j3LU3ajna3 N0 
ϺϮЙ o ϺЋ  Ϻз˥Ў Ǭ˥Ϻ L˥Ϻ j χзFY BN 7C<Y χЎ j@3
,RN0n,jCqCjw ঴ Cc UIRjj30 <CNcj j@3 CNq3ac3 j3LU3ajna3 ܇଑
jR UaRq3 N 3ujaCNcC, c3LC,RN0n,jCN< $3@qCRnaY i@3 3\njCRN঴ ˰ 3uU
 ۸ܒܤܠ܎ܗ۵܇  I30c jR  ICN3a ~j 8nN,jCRN CN j@3 a3<CRN $3js33Nj@3 ,Raa3cURN0CN< j3LU3ajna3c R8 ϺззF jR ЕззF a3<a0CN< 
IR<aCj@LC, c,I3 8Ra ঴Y i@3 cIRU3 R8 j@Cc ICN3a 8nN,jCRN Cc 3\nI
jR j@3 3uURN3Nj R8 j@3 3uURN3NjCI 8nN,jCRN s@C,@ IIRsc nc jR
03j3aLCN3 j@3 j@3aLI ,jCqjCRN 3N3a<w ۸ܒܤܠ܎ 8Ra ,@a<3 jaNcURaj
CN j@3 M7QY r3 <3j  qIn3 R8 ۸ܒܤܠ܎  ззϮ 3pY i@3a38Ra3. s3 jRRG
CNjR ,,RnNj j@j j@3 Ua3qCRncIw L3cna30 Bb?2 qRIj<3 V7C<Y χЕ
jR 7C<Y χχW CN,In03c  ,RNjaC$njCRN R8 j@3 M2 0n3 jR j@3aLIIw
,jCqj30 ,@a<3 ,aaC3acY
BN j@3 N3uj cj3U. j@3 M7QgTj cLUI3 sc G3Uj j IRs j3LA
U3ajna3c jR cnUUa3cc j@3 M2 ,RNjaC$njCRNY 7C<na3 χЋ c@Rsc
Hbb2 L3cna3L3Njc 8Ra j@3 $c3 j3LU3ajna3c ܇଑  χзF N0܇଑  ϺззF 8Ra qaCRnc RnjAR8AUIN3 j3LU3ajna3 0C{3a3N,3c æ܇ܦY
II ,naq3c c@Rs  @wcj3a3jC,I $3@qCRna R8 j@3 qRIj<3 ܉ s@C,@
Cc NjCcwLL3jaC, sCj@ a3cU3,j jR j@3 3uj3aNI L<N3jC, ~3I0 ۻ Y
i@3 L<NCjn03 CN,a3c3c sCj@ Ia<3a æ܇ܦ 8Ra $Rj@ $c3 j3LU3aA
jna3cY ?Rs3q3a. j@3 qRIj<3 CN cjnajCRN 0R3c NRj c33L jR $3
UaRURajCRNI jR æ܇ܦY  a3cRN 8Ra j@Cc ,RNja0C,jCRN ,RLUa30 jR
Ua3qCRnc L3cna3L3Njc Cc j@3 Cccn3 R8 UaRU3a 0EncjL3Nj R8 j@3
@3jCN< RN jRU R8 j@3 cLUI3Y i@3 cLUI3 sc ,ILU30 $3js33N
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7C<na3 χχ- VW i@3 qRIj<3 CN cjnajCRN ܉cj c  8nN,jCRN R8 j@3 RnjAR8AUIN3
j3LU3ajna3 0C{3a3N,3 ୩܇ Vc\na3cW c@Rsc UaRURajCRNI 03U3N03N,3 VICN3a ~jWY






























7C<na3 χЎ- i@3 M7Q ,RN0n,jCqCjw ঴ R$jCN30 CN  ϊAURCNjAL3cna3L3Nj <3RL3jaw
c@RsN c  8nN,jCRN R8 j@3 CNq3ac3 j3LU3ajna3 ܇ଛ V,Ca,I3cWY  ICN3a 8nN,jCRN Cc
~jj30 CN j@3 3ujaCNcC, a3<CRN R8 c3LC,RN0n,jCN< $3@qCRna jR ,I,nIj3 j@3 j@3aLI
,jCqjCRN 3N3a<wY
 <In30 a3cCcjCq3 @3j3aY i@Cc nUU3a ,RUU3a UIj3 sc c3Uaj30
$w  UC3,3 R8 cUU@Ca3 cn$cjaj3 8Ra 3I3,jaC,I CNcnIjCRNY i@3
,RRICN< @30 R8 j@3 ,awRcjj @c  ЙЋǬ a@R0CnL CaRN a3cCcjN,3
j@3aLRL3j3a 8Ra IRs j3LU3ajna3c 0RsN jR ϺχFY i@3 nUU3a
,RUU3a UIj3 sc CNcj30 3\nCUU30 sCj@  j@3aLR,RnUI3 0naCN<
j@3 L3cna3L3NjcY i@3 j@3aLR,RnUI3 qRIj<3 sc ,IC$aj30 $w
 j3LU3ajna3 L3cna3L3Nj RN jRU R8 j@3 ,RRICN< @30 CN Ra03a
jR 3cjCLj3 j@3 j3LU3ajna3 RN jRU R8 j@3 cLUI3 CN II 8naj@3a
L3cna3L3NjcY bCLnIjN3RncIw. j@3 a3cCcjN,3 R8  Una3 M7Q
~IL sCj@Rnj Tj sc a3,Ra030Y 7C<na3 χЎ LG3c Cj URccC$I3 jR ,IA
,nIj3 j@3 j3LU3ajna3 R8 j@3 cLUI3 cna8,3 jR ,RLUa3 Cj jR j@3
j3LU3ajna3 R$jCN30 sCj@ j@3 j@3aLR,RnUI3 RN jRU R8 j@3 nUU3a
,RUU3a UIj3Y ?Rs3q3a. RN3 ,N ccnL3  Ia<3 3uU3aCL3NjI
3aaRa 8Ra æ܇ܦ CN Ra03a jR 3uUICN j@3 LERa 03aCqjCRN 8aRL j@3
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7C<na3 χЋ- iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ
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T0 =   50K
T = 11K
T =   9K






















7C<na3 χο- VW iaNcq3ac3 qRIj<3 ܉ c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ
8Ra 0C{3a3Nj RnjAR8AUIN3 j3LU3ajna3 <a0C3Njc ˚܇ܦ N0 $c3 j3LU3ajna3c ܇ଛY
V$W i@3 qRIj<3 CN cjnajCRN ܉cj c  8nN,jCRN R8 j@3 RnjAR8AUIN3 j3LU3ajna3
0C{3a3N,3 ୩܇ܦ 8Ra 0C{3a3Nj $c3 j3LU3ajna3c ܇ଛY i@3 cIRU3c R8 j@3 ICN3a ~jc a3
3\nCqI3Nj jR j@3 cUCN b33$3,G ,R3|,C3Nj 8Ra 3,@ ܇ଛY
R8AUIN3 j3LU3ajna3 0C{3a3N,3Y 7Ra j@Cc a3cRN. s3 ccnL30 
cn|,C3Nj 3uU3aCL3NjI 3aaRa R8 ææ܇ܦ  oχFY  8naj@3a 3qC03N,3
R8  03aCqjCRN R8 j@3 3cjCLj30æ܇ܦ Cc  NRNAqNCc@CN<L<NCjn03
8Ra æ܇ܦ  зF CN 7C<Y χЋ V$WY M3q3aj@3I3cc.  ,I3a cC<NI Cc cjCII
R$c3aq30 j IRs $c3 j3LU3ajna3c s@3N j@3 ,RN0n,jCqCjw R8 j@3
M7Q Cc 03,a3c30Y ?Rs3q3a. Cj Cc R$qCRnc j@j j@3 L<NCjn03 8Raæ܇଑  χзF Cc <3N3aIIw cLII3a ,RLUa30 jR æ܇଑  ϺззF 03cUCj3
cCLCIa Ra 3q3N @C<@3a j3LU3ajna3 0C{3a3N,3cY r3 ,N ccnL3
 j3LU3ajna3 03U3N03Nj $3@qCRna s@C,@ s3 sNj jR ,RNcC03a
CN LRa3 03jCIY BN 7C<Y χο VW a3Ua3c3NjjCq3 L3cna3L3Njc sCj@
,3ajCN j3LU3ajna3 0C{3a3N,3c æ܇ܦ 8Ra qaCRnc $c3 j3LU3aA
jna3c a3 UIRjj30Y /n3 jR  0C|,nIj 0EncjL3Nj R8 æ܇ܦ s3 R$jCN
 aN<3 R8 οF jR ϺЋF CN j@3 j3LU3ajna3 0C{3a3N,3 $3js33N j@3
IRs3cj $c3 j3LU3ajna3 ܇଑  χзF N0 ܇଑  ЙззF. a3cU3,jCq3IwY
















































7C<na3 χϮ- M7Q ,RN0n,jCqCjw ঴ R$jCN30 CN  ϊAURCNjAL3cna3L3Nj <3RL3jaw c@RsN c  8nN,jCRN R8 ܇ଛ ,RLUa30 jR
j@3 cUCN b33$3,G ,R3|,C3Nj ܉cj୩܇ܦ <CNcj ܇ଛY ঴ 03,a3c3c Rq3a cCu Ra03ac R8 L<NCjn03 N0 ܉cj୩܇ܦ 03,a3c3c
RNIw RN3 Ra03a R8 L<NCjn03Y
Ϯз
I3cj N Ra03a R8 L<NCjn03 CN j@3 qRIj<3 aCc3cY i@Cc cnUURajc
j@3 ccnLUjCRN j@j j@3 3{Raj R8  LRa3 03jCI30 CNq3cjC<jCRN
R8 j@3 j3LU3ajna3 03U3N03N,w sRnI0 $3 sRaj@s@CI3Y ?Rs3q3a.
a3<a0CN< j@3 Ia<3 3uU3aCL3NjI 3aaRa CN æ܇ܤ s3 UUIC30 qaCRnc
j3LU3ajna3 0C{3a3N,3c 8Ra 3,@ $c3 j3LU3ajna3 ܇଑ CN Ra03a jR
R$jCN  UaRURajCRNICjw 8,jRa 8Ra 3,@ ܇଑Y i@Cc UaRURajCRNICjw
8,jRa ,N $3 ,II30 j@3 cUCN b33$3,G ,R3|,C3NjsCj@ j@3 ccnLUjCRN
R8 N3<I3,jCN< Nw ,RNjaC$njCRNc R8. 3Y<Y. N M2 Ra Rj@3a nNCNA
j3N030 cC03 3{3,jcY 7C<na3 χο V$W c@Rsc j@3 qRIj<3 CN cjnajCRN
8Ra j I3cj j@a33 qaC30 j3LU3ajna3 0C{3a3N,3c j 0CcjCN,jCq3 $c3
j3LU3ajna3c ܇଑Y i@3 3aaRa $ac 03NRj3 j@3 3uU3aCL3NjI 3aaRa R8
j@3 3cjCLj30 j3LU3ajna3 0C{3a3N,3 c s3II c j@3 ,,na,w R8
j@3 qRIj<3 L3cna3L3NjY +RNcC03aCN< j@3 8,j j@j j@3 3{3,jc
qNCc@ 8Ra æ܇ܤ  зF s3 nc30  ICN3a ~j 8nN,jCRN CN j@3 8RaL
w5 u jR ,I,nIj3 j@3 cUCN b33$3,G ,R3|,C3Nj 8Ra 3,@ ܇଑Y
i@3 ,I,nIj30 cUCN b33$3,G ,R3|,C3Njc ܉cjæ܇ܤ R8 j@3 M7Qg
Tj cLUI3 a3 UIRjj30 jR<3j@3a sCj@ j@3 ,RN0n,jCqCjw ঴ R8 j@3 Una3
M7Q ~IL <CNcj j@3 $c3 j3LU3ajna3 ܇଑ V7C<Y χϮWY i@3 IR<aCj@A
LC, c,I3 sc nc30 jR c@Rs j@3 0acjC, 03,a3c3 R8 ঴ R8 $Rnj
cCu Ra03ac R8 L<NCjn03 ,RLUa30 jR j@3 cIRs3a 03,a3c3 R8 j@3
cUCN b33$3,G ,R3|,C3Nj R8 $Rnj RN3 Ra03a R8 L<NCjn03Y i@Cc
UaRq3c j@3 8,j j@j j@3 cUCN b33$3,G ,R3|,C3Nj Cc CN03U3N03Nj
R8 j@3 ,@a<3 jaNcURaj CN j@3 M7Q j I3cj 8Ra IRs j3LU3ajna3cY
+RNc3\n3NjIw. j@3 M2 Cc NRj j@3 0RLCNNj ,RNjaC$njCRN CN j@3
qRIj<3 L3cna30Y KRa3Rq3a. s3 ,N jjaC$nj3 j@3 LCN ,RNjaCA
$njCRN jR j@3 Hbb2 ,RNcC03aCN< j@j L<N3jC, UaRuCLCjw 3{3,jc
j j@3 CNj3a8,3 N0 j@3a38Ra3 UaRuCLCjw M2 CN cUCN URIaCy30
Tj ,N $3 N3<I3,j30. s@C,@ sc c@RsN $w Fnc,@3I 3j IYϺЎϺ CN
t`K` L3cna3L3NjcY i@Cc a<nL3NjjCRN ,N $3 cnUURaj30 $w
ϺЎϺ iY Fnc,@3I 3j IY T@wcC,I
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7C<na3 Ўз- VW iaNcq3ac3 qRIj<3 ܉ L3cna30 j  Una3 M7Q ~IL sCj@Rnj Tj
RN jRU c  8nN,jCRN R8 j@3 3uj3aNI L<N3jC, ~3I0 ۻ sCj@ ୩܇ܦ  ϺзFY V$W ܉
L3cna30 RN  Una3 M7Q ~IL ,RLUa30 jR ܉ L3cna30 RN N M7QgTj $CIw3a
cwcj3L sCj@ N RnjAR8AUIN3 j3LU3ajna3 0C{3a3N,3 R8 ୩܇ܦ  ϺзFY
ϮϺ
 0Ca3,j L3cna3L3Nj R8 j@3 M2 RN j@3 Una3 M7Q ~IL sCj@Rnj
Nw cUCN 03j3,jRa Lj3aCI RN jRUY i@Cc L3cna3L3Nj sc 0RN3
j aRRL j3LU3ajna3 N0 UIRjj30 CN 7C<Y ЎзY i@3 qRIj<3 ܉ sc
L3cna30 j jsR URCNjc RN jRU R8 j@3 M7Q ~IL jaNcq3ac3 jR j@3
3uj3aNI L<N3jC, ~3I0 ۻ UUIC30 IRN< j@3 ~IL UIN3 0aCq3N $w
N RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj sCj@  j3LU3ajna3 0C{3aA
3N,3 æ܇ܦ  ϺзF $3js33N j@3 ,RUU3a $IR,GcY 7C<na3 Ўз VW c@Rsc
j@3 M2 R8 Una3 M7Q sCj@  cjnaj30 qRIj<3 R8 $Rnj ϊзз NpY
 URRa cC<NIAjRANRCc3 ajCR 0n3 jR  j3LU3ajna3 c3NcCjCq3 a3cCcA
jN,3 R8 j@3 M7Q L03 Cj N3,3ccaw jR jG3 N q3a<3 R8 $Rnj
ϊз L3cna3L3NjcY BN 7C<Y Ўз V$W j@3 M2 Cc ,RLUa30 jR j@3 Bb?2
qRIj<3 R8 M7QgTj R$jCN30 sCj@ j@3 cL3 j3LU3ajna3 <a0C3Nj
UUIC30Y ?3a3. j@3 cjnaj30 qRIj<3 a3,@3c  qIn3 $Rq3 ϊƧpY
i@Cc I30c jR j@3 ,RN,IncCRN j@j N M2 ,RNjaC$njCRN. C8 j@3a3
Cc Nw. Cc $3IRs Ϻз R8 j@3 ,@C3q30 qRIj<3 CN M7QgTj j aRRL
j3LU3ajna3Y i@Cc 8a,jCRN c@RnI0 03,a3c3 aUC0Iw a3<a0CN< j@3
j3LU3ajna3 03U3N03Nj ,RN0n,jCqCjw R8 M7Q V7C<Y χϮWY
/Cc,nccCRN
K3cna3L3Njc RN M7Q ~ILc sCj@ N CNAUIN3 j3LU3ajna3 <aA
0C3Nj c@Rs30 NR 3qC03N,3 R8 j@3 ibb2Y i@3 ~acj L3cna3L3Njc
CN ibb2 ,RN~<najCRN s3a3 0RN3 nN03a q3aw ,a38nI ,RN0CjCRNc.
3Y<Y. ncCN< q3aw j@CN ,RNj,j sCa3c N0 L3cnaCN< CN q,nnL jR
Ua3q3Nj j@3aLI ,RNq3,jCRNY i@3a3 sc NR ,@a,j3aCcjC, cC<N
,@N<3 CN j@3 R$c3aq30 qRIj<3 s@3N j@3 j3LU3ajna3 <a0C3Nj
sc a3q3ac30Y 7Ra j@3 Ua3qCRncIw nc30 Lj3aCIc VTw A L3jI. vB;
A CNcnIjRaW s3 cs j@j nNCNj3N030 cC03 3{3,jc 0n3 jR RnjAR8A
UIN3 j3LU3ajna3 <a0C3Njc a3 Ua3c3NjY ?Rs3q3a. 3q3N s@3N
cC03 3{3,jc a3 R$c3aq30  ibb2 ,RNjaC$njCRN ,RnI0 cjCII $3 Ua3c3Nj
N0 @C003N nN03a j@3 R$jCN30 qRIj<3Y BN 7C<Y χз RN $Rj@ cC03c
V@Rj N0 ,RI0W j@3 cL3 cC<N R8 ܉cj sc R$jCN30. $nj sCj@ 0C{3aA
3Nj L<NCjn03cY c cG3j,@30 CN 7C<Y Ϻϊ. j@3a3 a3 8Rna URccC$I3
3{3,jc. M2. UaRuCLCjw M2. Hbb2 N0 ibb2 s@C,@ a3 NjCA
cwLL3jaC, sCj@ a3cU3,j jR ۻ Y 2{3,jc s@C,@ a3 cwLL3jaC, sCj@
a3cU3,j jR ۻ ,RnI0 NRj $3 03j3,j30 0n3 jR 3Cj@3a $c3N,3 R8 L<A
N3jC, NCcRjaRUw. UaII3I IC<NL3Nj R8 L<N3jC, 3cw uCc N0 ۻ
Ra qNCc@CN< TM2 ,R3|,C3NjY 7Ra j@3 ~acj jsR ,c3c. j@3 N<I3 $3A
js33N j@3 L<N3jCyjCRN N0 j@3 j3LU3ajna3 <a0C3Nj 0R3c NRj
,@N<3 N0 j@3 qRIj<3 a3LCNc j j@3 cL3 qIn3Y i@3 TM2 c
s3II c j@3 UaRuCLCjw TM2 RNIw ,@N<3 qRIj<3 s@3N j@3 N<I3 $3A
js33N j@3 L<N3jCyjCRN N0 j@3 j3LU3ajna3 <a0C3Nj ,@N<3cY
ϮЙ
?Rs3q3a. UaRuCLCjw 3{3,jc CN M7QgTj ,N $3 N3<I3,j30 $w t`K`
L3cna3L3Njc Ua3c3Nj30 $w Fnc,@3I 3j IYϺЎЙ B8 s3 8R,nc RN j@3
cjnajCRN qRIj<3c ܉cj. s3 ,N C<NRa3 URccC$I3 TM2 ,RNjaC$nA
jCRNc Nwsw. cCN,3 j@3 TM2 ,RNjaC$nj3c CN j@3 8RaL R8 N R{c3j
qRIj<3 s@C,@ Cc ,N,3II30 Rnj CN j@3 ܉cj 03j3aLCNjCRNYϺЎЕ
i@3a38Ra3. s3 ,N a30n,3 j@3 NnL$3a R8 URccC$I3 3{3,jc jR
j@3 CNj3N030 ibb2 N0 jR N nNCNj3N030 M2 N0 Hbb2Y 7naA
j@3a L3cna3L3Njc s3a3 N3,3ccaw jR 0CcjCN<nCc@ $3js33N j@3c3
0C{3a3Nj 3{3,jcY ?Rs3q3a. 7C<Y χз c@Rsc j@j j@3a3 Cc NR ibb2
sCj@Rnj Nw cC03 3{3,jcY i@3 0RLCNNj 3{3,j @c jR ,RL3 8aRL
N nNCNj3N030 RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj s@3N j@3c3
L3cna3L3Njc a3 ,RLUa30 jR j@3 R$c3aqjCRNc 8Ra q3aw j@CN n
$RN0CN< sCa3cY BN 7C<Y χз s3 Ua3c3Nj30 L3cna3L3Njc U3a8RaL30
CN j@3 cL3 sw c 8Ra vB; ~ILcY 7Ra vB; s3 @q3 c33N j@j
j@3 R$c3aq30 3{3,jc a3 0aCq3N $w N RnjAR8AUIN3 j3LU3ajna3
<a0C3NjY i@Cc sc UaRq30 $w ,@N<CN< j@3 n jCU j3LU3ajna3
N0 jnaNCN< RN N0 R{ j@3 CNAUIN3 j3LU3ajna3 <a0C3NjY r3
,RnI0 R$c3aq3  cC<N ,@N<3 CN j@3 qRIj<3 s@3N RNIw CNAUIN3˚܇ܤ Ra RNIw n jCU @3jCN< s3a3 UUIC30Y i@Cc sc UaRR8 R8 j@3
a3q3acI R8 j@3 RnjAR8AUIN3 ˚܇ܦY r@3N  ~u30 CNAUIN3 ˚܇ܤ sc
UUIC30 s3 ,RnI0 ,@N<3 j@3 L<NCjn03 R8 ܉cj $w ,@N<CN< j@3
n jCU j3LU3ajna3Y MR cC<N ,@N<3 sc R$c3aq30 c  a3cnIj
R8 ,@N<CN< j@3 Tj cjaCU URcCjCRNY i@3 RNIw CN,RNcCcj3N,w Cc j@3
Ia<3a L<NCjn03 R8 ܉cj 8Ra Tj cjaCU RN j@3 ,RI0 cC03 ,RLUa30
jR Tj cjaCU RN j@3 @Rj cC03 sCj@ N CNAUIN3 j3LU3ajna3 <a0C3NjY
7Ra vB; ~ILc s3 @q3 c@RsN j@j j@3 L<NCjn03 03,a3c3c s@3N
j@3 Tj cjaCU LRq3c 8aRL j@3 @Rj jR j@3 ,RI0 cC03Y QN j@3 ,RI0 cC03
j@3 @3j Rs j@aRn<@ j@3 ,RNj,j jCUc Cc Ln,@ cLII3a N0 j@3
L<NCjn03 03,a3c3cY 7Ra j@3 M7Q ~ILc Cj ,N $3 3uUICN30 $w 
Ia<3a ,RNj,j a3 0n3 jR N3s ,RNj,jCN< R8 j@3 cLUI3 s@3N Cj
Cc aRjj30 CN j@3 cLUI3 @RI03a jR LRq3 j@3 Tj cjaCUY i@3 ,RNj,j
a3 ,@N<3c s@3N j@3 ,RNj,j jCUc a3 jRn,@CN< j@3 cLUI3 j 
0C{3a3Nj N<I3Y 7naj@3aLRa3. j@3 Ua3ccna3 R8 j@3 LC,aR UaR$CN<
cwcj3L Lw 0C{3a. s@C,@ IcR ,@N<3c j@3 ,RNj,j a3 s@3N j@3
jCU Cc $3Nj RN j@3 cLUI3Y
r@3N j@3 ibb2 ,N $3 N3<I3,j30 c s3II c L<N3jC, UaRuCLA
Cjw CN0n,30 M3aNcj 3{3,jc. j@3a3 a3 RNIw jsR URccC$I3 a3LCNCN<
3{3,jc. j@3 M2 N0 j@3 Hbb2Y #w L3cnaCN< CN j@3 Hbb2 ,RNA
~<najCRN VRnjAR8AUIN3 j3LU3ajna3 <a0C3Nj UUIC30W s3 <CN
,@C3q3  Una3Iw NjCcwLL3jaC, qRIj<3 sCj@ a3cU3,j jR j@3 3uj3aA
NI L<N3jC, ~3I0 V7C<Y χЕWY i@3 L<NCjn03 Cc UaRURajCRNI jR j@3
j3LU3ajna3 0C{3a3N,3 $3js33N j@3 jRU N0 j@3 $RjjRL N0 j@3
cC<N R8 qRIj<3 ,@N<3c s@3N j@3 j3LU3ajna3 <a0C3Nj 0Ca3,jCRN
ϺЎЙ iY Fnc,@3I 3j IY T@wcC,I
`3qC3s H3jj3ac ϺϺχ VЙзϺχW
зϮЋϊзϺ
ϺЎЕ KY b,@LC0 3j IY T@wcC,I
`3qC3s H3jj3ac ϺϺϺ VЙзϺЕW
ϺοЋЙзϺ
ϮЕ
ϺЎϊ `Y `LRc 3j IY UUIC30
T@wcC,c H3jj3ac ϺзЙ VЙзϺЕW
зЋЙϊϺЕ
ϺЎχ 7Y rIyY DRnaNI R8
T@wcC,c- +RN03Nc30 Kjj3a
Ϻϊ VЙззЙW `Йοχ
ϺЎЎ FY m,@C0 3j IY UUIC30
T@wcC,c H3jj3ac ϮЋ VЙзϺзW
ЙЎЙχзϊ
ϺЎЋ FY m,@C0 3j IY DRnaNI
R8 UUIC30 T@wcC,c ϺϺϺ
VЙзϺЙW ϺзЕϮзЕ
Cc a3q3ac30 V7C<Y χχ VWWY 7naj@3aLRa3. j@3 L<N3jC, ~3I0 aRjjCRN
CN j@3 cLUI3 UIN3 UaRq3c j@3 ,aRcc UaR0n,j R8 j@3 Bb?2 s@C,@
,RNq3ajc j@3 j@3aLIIw 0aCq3N cUCN ,naa3Nj CNjR 3I3,jaC,I qRIjA
<3 V7C<Y χχ V$WWY i@3 c3UajCRN $3js33N j@3 M2 N0 j@3 Hbb2
,RnI0 $3 CLUI3L3Nj30 $w ncCN< j@3 c3LC,RN0n,jCq3 $3@qCRna R8
j@3 M7QY i@3 ,RRICN< R8 j@3 cLUI3 0RsN jR χзF @c c@RsN 
aUC0 0aRU R8 j@3 ,RN0n,jCqCjw R8 $Rnj Ў Ra03ac R8 L<NCjn03
V
ϺϮЙз o зϺЋ  Ϻз˥Ў Ǭ˥Ϻ L˥ϺW. s@3a3c j@3 cjnaj30 Bb?2 qRIjA
<3 0CqC030 $w æ܇ܦ. s@C,@ s3 03~N3 c j@3 Hbb2 ,R3|,C3Nj RNIw
03,a3c3c $w RN3 Ra03a R8 L<NCjn03Y i@3a38Ra3. s3 ,N jjaC$nj3
j@3 LCN ,RNjaC$njCRN R8 j@3 qRIj<3 jR j@3 Hbb2Y
BN ЙзϺЕ `LRc 3j IYϺЎϊ CNq3cjC<j30 j@3 Hbb2 CNL<N3jCj3 j@CN
~ILc sCj@ Tj RN jRU V73ДQωgTjWY i@Cc Lj3aCI c@Rsc  jaNcCjCRN
8aRL L3jIIC, jR N CNcnIjRa j aRnN0 ϺЙзF ,II30 j@3 p3as3w
jaNcCjCRNYϺЎχ i@Cc jaNcCjCRN ,N 0CcjCN<nCc@ $3js33N  Una3 Hbb2
N0  LCujna3 R8 Hbb2 N0 M2 ,,Ra0CN< jR j@3 j3LU3ajna3
$3IRs Ra $Rq3 j@3 p3as3w jaNcCjCRN. a3cU3,jCq3IwY i@3Ca CNq3cjCA
<jCRN CN,In030 L3cna3L3Njc CN j@3 Hbb2 ,RN~<najCRN sCj@
N0 sCj@Rnj Tj RN jRU R8 j@3 L<N3jCj3 ~IL sCj@ N CN,a3c30
L<NCjn03 sCj@  8,jRa R8 ϊ s@3N Tj Cc RN jRUY 7naj@3aLRa3.
s@3N j@3 L3N j3LU3ajna3 Cc 03,a3c30 jR ϺзχF $3IRs j@3 p3aA
s3w jaNcCjCRN j@3 R$c3aq30 qRIj<3 Cc N Ra03a R8 L<NCjn03
cLII3aY BN ,RNjacj jR Rna sRaG RN M7Q j@3w LN<30 jR IcR
csCj,@ j@3 M2 RN N0 R{ $w ,RRICN< j@3 cLUI3 jR j3LU3ajna3c
s@3a3 j@3 73ДQω Cc CNcnIjCN< ,,RLUNC30 $w  a30n,jCRN R8 j@3
Hbb2Y
2q3N CN ЙзϺз m,@C0 3j IY a3URaj30 N Hbb2 CN KNAxN 83aA
aCj3 VVKN.xNW73ИQωWϺЎЎ  Lj3aCI ,RLUa$I3 jR M7QY i@3w 0C0
L3cna3L3Njc j aRRL j3LU3ajna3 N0 nc30 Tj RN jRU c  cUCN
03j3,jRa 8Ra j@3 Bb?2Y i@3w ,ICL30 j@j j@3 <Cq3N NjCcwLL3jaC,܉ ˥ ۻ 03U3N03N,w Cc <3N3aj30 $w j@3 Hbb2Y N M2 Ra UaRuA
CLCjw M2 s3a3 NRj jG3N CNjR ,,RnNj. j@3w RNIw ,ICL30 j@j
j@3 KNAxN 83aaCj3 Cc N CNcnIjRaY BN Rna sRaG RN M7Q s3 ,RnI0
c@Rs j@j cC03 3{3,jc ICG3 j@3 M2 Ra UaRuCLCjw M2 @q3 jR
$3 a3<a030 N0 N3<I3,j30 CN a383a3N,3 L3cna3L3Njc nNjCI N
Hbb2 ,N $3 03~NCj3Iw 8RnN0 jR $3 j@3 0RLCNNj 3{3,jY
r3 @q3 IcR c@RsN j@3 M2 ,RNjaC$njCRN CN N M7Q ~IL
sCj@Rnj Tj RN jRU V7C<Y ЎзW s@C,@ Cc $3IRs Ϻз R8 L<NCjn03
,RLUa30 jR j@3 Bb?2 qRIj<3 R$jCN30 sCj@ Tj RN jRUY m,@C0 3j
IYϺЎЋ @q3 c@RsN j@j 8Ra cCN<I3A,awcjIICN3 vB;gTj N 3N@N,30
L<NCjn03 R8 ܉cjæ܇ aRnN0 ܇଑  χзF UU3ac $nj Cc $c3Nj
8Ra URIw,awcjIICN3 vB;gTjY i@3w ,ICL30 j@3 a3cRN 8Ra j@Cc 3NA
@N,3L3Nj Cc  U@RNRN L30Cj30 UaR,3cc 0n3 jR N CN,a3c3 R8
Ϯϊ
j@3 U@RNRN IC83jCL3 aRnN0 j@Cc j3LU3ajna3YϺЎο N 3N@N,30
L<NCjn03 ,RnI0 NRj $3 R$c3aq30 8Ra M7QgTj 8aRL aRRL j3LU3aA
jna3 0RsN jR χзF ncCN< j3LU3ajna3 cj3Uc R8 χзFY i@3 cj3U cCy3
sc a3IjCq3Iw Ia<3Y i@3a38Ra3 N 3N@N,3L3Nj R8 j@3 L<NCjn03
,RnI0 $3 @C003N CN j@3 <U R8 j@3 R$c3aq30 j3LU3ajna3c Ra $3IRs
χзFY
i@3 N<I3 03U3N03Nj $3@qCRna 8Ra j@3 Hbb2 sc c@RsN CN
7C<Y χϊ 8Ra  ~u30 j3LU3ajna3 0C{3a3N,3 R8 æ܇ܦ  ϺзF N0 qaCA
Rnc N<I3c ঢ $3js33N j@3 L<N3jC, ~3I0 ǖۻ N0 j@3 uA0Ca3,jCRNY
i@3 jwUC,I Hbb2 $3@qCRna sc UaR0n,30 $w j@3 cjnaj30 qRIjA
<3܉cj s@C,@ qNCc@30 8Ra  L<N3jC, ~3I0 UaII3I jR j@3 3I3,jaCA
,I ,RNj,jcY ?Rs3q3a.  cwLL3jaC, 3{3,j sCj@ a3cU3,j jRۻ ,RnI0
$3 c33N 8Ra N<I3c ঢ aRnN0 Ϯзns@3Nۻ Cc IC<N30 IRN< j@3 3I3,A
jaC,I ,RNj,jc V7C<Y χϊWY i@Cc Cc cCLCIa jR j@3 R$c3aq30 cwLL3jaC,
3{3,j CN vB;gTj CN 3\nI 3uU3aCL3NjcY i@Cc cwLL3jaC, 3{3,j Cc
NR TM2 $nj  ,RNc3\n3N,3 R8 j@3 L<N3jCyjCRN a3q3acI UaR,3cc
R8 j@3 M7QY /naCN< j@Cc UaR,3cc j@3 qRIj<3 L3cna3L3Nj Cc c3NA
cCjCq3 jR j@3 Hbb2 ,nc30 $w j@3 UaRE3,jCRN R8 j@3 L<N3jCyjCRN
RN j@3 uAuCc s@C,@ 8nI~Ic j@3 Bb?2 ,RN~<najCRNY
7RaM7Qs3 ,RnI0 03LRNcjaj3 $w N<I3 03U3N03Nj pbKL3A
cna3L3Njc V7C<Y χЙ V$WW jsR L<N3jC, 3cw u3c CN0n,30 $w j@3
8Rna8RI0 L<N3jC, NCcRjaRUw R8 j@3 ,n$C, CNq3ac3 cUCN3I cjan,jna3Y
?3N,3. 8Ra ঢ  зn j@3 qRIj<3 cC<NI 8Ra cLII 3uj3aNI L<N3jC,
~3I0c ۻ a3,3Cq3c  cwLL3jaC, ,RNjaC$njCRN s@3N j@3 L<N3jC,
LRL3Nj R8 j@3 M7Q ,@N<3 Cjc CNAUIN3 RaC3NjjCRN N0 CUc
CNjR j@3 0Ca3,jCRN R8 j@3 N3uj L<N3jC, 3cw uCcY r@3N  cLII
M2 ,RNjaC$njCRN 3uCcjc CN Rna M7QgTj ~ILc  TM2 ,RNjaC$njCRN
sRnI0 $3 3uU3,j30 3q3N 8Ra N<I3c aRnN0 ঢ  зn s@3N j@3 L<A
N3jCyjCRN q3,jRa ǖ܀ aRjj3c CNjR j@3c3 3cw u3cY M3q3aj@3I3cc. NR
TM2 ,RnI0 $3 R$c3aq30Y 7aRL j@Cc RN3 ,N CN83a j@j nNCNj3N030
M3aNcj 3{3,jc cn,@ c j@3 TM2 a3 N3<IC<C$Iw cLII CN j@3 M7QgTj
~ILc nc30 N0 j@j j@3 TM2 ,R3|,C3Nj 8Ra M7Q a3<a0CN< 2\Y ϺЋ
Cc jRR cLII 8Ra j@Cc 3{3,j jR $3 R$c3aq30 sCj@CN j@3 L3cna30
Bb?2 qRIj<3Y
BN ,RN,IncCRN R8 j@Cc ,@Uj3a. s3 ,N cnLLaCy3 Rna a3cnIjc
c 8RIIRsc- s3 8RnN0 cCLCIa $3@qCRna R8 M7QgTj ,RLUa30 jR
vB;gTj CN ,RLUa$I3 ibb2 N0 Hbb2 3uU3aCL3NjcY BN j@3 IRN<CA
jn0CNI ,RN~<najCRN s3 @q3 $33N $I3 jR UaRq3 j@3 3uCcj3N,3 R8
j@3 Hbb2 a3cnIjCN< CN  j@3aLIIw 0aCq3N cUCN ,naa3Nj s@C,@ ,RnI0
$3 03j3,j30Y i@3 Hbb2 sc j@3 0RLCNNj 3{3,j ,,RLUNC30 $w 
cLII ,RNjaC$njCRN R8 j@3 M2 0n3 jR j@3aLIIw ,jCqj30 ,@a<3
,aaC3ac CN j@3 M7QY Qj@3a cC03 3{3,jc 0n3 jR L<N3jC, UaRuCLCjw
3{3,jc ,RnI0 $3 N3<I3,j30 $w t`K` L3cna3L3NjcY
ϺЎο ;Y Y bI,G N0 /Y rY
QICq3aY T@wcC,I `3qC3s # ϊ
VϺϮЋϺW χϮЙ
Ϯχ
i@Cc GNRsI30<3 ,N $3 nc30 8Ra j@3 3uU3aCL3Njc CN j@3 jaNcA
q3ac3 ,RN~<najCRNY ?3a3. j@3 $3@qCRna sc CN <a33L3Nj sCj@
vB;gTjY MR ibb2 ,RnI0 $3 03j3,j30 sCj@CN j@3 cL3 L3cna3A
L3Nj c3NcCjCqCjw ICLCjY i@3 R$jCN30 qRIj<3 s@C,@ sc NjCA
cwLL3jaC, sCj@ a3cU3,j jR j@3 3uj3aNI L<N3jC, ~3I0 ,N $3
jjaC$nj30 jR j@3 Hbb2 c j@3 0RLCNNj 3{3,j ,,RLUNC30 $w
 cLII ,RNjaC$njCRN R8 j@3 M2Y #Rj@ 3{3,jc a3 IcR 0aCq3N $w
N nNCNj3N030 RnjAR8AUIN3 j3LU3ajna3 <a0C3Nj ,nc30 $w j@3
3I3,jaC,I ,RNj,jcY
i@3 83aaRL<N3j M7Q c s3II c Rj@3a cUCN3Ic a3 UaRLCcCN<
,N0C0j3c c <RR0 Ij3aNjCq3c jR j@3 s3II 3cj$ICc@30 L<N3jC,
CNcnIjRa vB;Y /3U3N0CN< RN j@3 UUIC,jCRN. M7Q 3u@C$Cjc 
83s NRjC,3$I3 0qNj<3cY 7Ra 3uLUI3. sCj@ j@3Ca @C<@ +naC3
j3LU3ajna3c. M7Q N0 Rj@3a cUCN3Ic ,N $3 nc30 c cUCN ~Ij3a
Lj3aCIc 8Ra UUIC,jCRNc j aRRL j3LU3ajna3 N0 @C<@3a j3LA
U3ajna3cY BN ,RNjacj jR ,RNq3NjCRNI 7KgBMg7K cj,Gc CN iK`
L3cna3L3Njc  L<N3jC, CNcnIjRa ,N $3 UI,30 $3js33N N
MK N0 N 7K Iw3aY i@3 L<N3jC, CNcnIjRa ,jc c  cUCN qIq3
N0  jnNN3I $aaC3a j j@3 cL3 jCL3Y K<N3jC, CNcnIjRac a3 
aCcCN< Lj3aCI ,Icc CN cUCNjaRNC,cY KRcj Lj3aCI cwcj3Lc. 3cU3A
,CIIw 83aaCj3c N0 <aN3jc. @q3 Ia30w $33N GNRsN 8Ra 03,03cY
?Rs3q3a. j@3Ca 0qNj<3c 8Ra j@3 CNq3cjC<jCRN R8 cUCN ,naa3Njc.
cUCN sq3c N0 L<NRNc. j I3cj CN L<N3jC, CNcnIjRac. ,NA
NRj $3 03NC30Y i@3a38Ra3. <aN3jc ICG3 vB; N0 83aaCj3c ICG3 M7Q




BN ,RN,IncCRN. s3 ,N cnL nU Rna sRaG c 8RIIRsc- s3 CNq3cjCA
<j30 j@3 cUCN b33$3,G 3{3,j CN 0C{3a3Nj Lj3aCI cwcj3Lc. CY3Y.
L3jI. c3LC,RN0n,jRa N0 CNcnIjRaY /naCN< j@3c3 CNq3cjC<jCRNc
s3 s3a3 ,RN8aRNj30 sCj@ 0C{3a3Nj cC03 3{3,jc s3 @0 jR C03NjC8w
N0 jR 0Cc3NjN<I3 8aRL j@3 CNj3N030 U@3NRL3N R8 j@3 j@3aLIIw
0aCq3N cUCN ,naa3NjY
BN j@3 $3<CNNCN<. TwgTj $CIw3ac s3a3 nc30 N0 L3cna30 CN
j@3 jaNcq3ac3 ,RN~<najCRN R8 j@3 cUCN b33$3,G 3{3,j Vibb2WY BN
,,Ra0N,3 sCj@ Rj@3a a3URajc Ua3c3Nj30 CN i$Y Ϻ N0 0Cc,ncc30
CN j@3 ,Raa3cURN0CN< ,@Uj3a Cj ,N $3 ,RN,In030 j@j j@3a3 Cc
NR 03j3,j$I3 ibb2 sCj@CN j@3 L3cna3L3Nj c3NcCjCqCjw ICLCjY 
Ua3qCRnc UaRE3,j c@Rs30 NR CLUaRq3L3Nj $w ncCN< 0C{3a3Nj CNA
j3a8,3 ja3jL3Njc R8 j@3 TwgTj $CIw3a Ra 0C{3a3Nj 03URcCjCRN
j3,@NC\n3cYϺЎϮ i@3 0RLCNNj N0 cRI3Iw UU3aCN< qRIj<3 ,RNA
jaC$njCRN sc UaR0n,30 $w  UINa M3aNcj 3{3,j VTM2WY i@3
qRIj<3 RN j@3 cUCN 03j3,jRa Lj3aCI VTjW L3cna30 c  8nN,jCRN
R8 j@3 3uj3aNI L<N3jC, ~3I0 c@Rsc cwLL3jaC, $3@qCRna s@C,@
Cc ,RNjaaw jR j@3 NjCcwLL3jaC, R,,naa3N,3 R8 j@3 ibb2Y i@3 TM2
sc CNq3cjC<j30 CN LRa3 03jCId j@Cc Cc j@3 j@3aLIIw 0aCq3N ,RnNA
j3aUaj R8 j@3 K`.  cUCNA03U3N03Nj U@3NRL3NRNY i@3a38Ra3.
j@3 TM2 Cc  cUCN,IRaC, 3{3,j N0  cC<NC~,Nj 3I3L3Nj R8 Rna
sRaGY
7naj@3aLRa3. j@3 R,,naa3N,3 R8 cUnaCRnc RnjAR8AUIN3 j3LA
U3ajna3 <a0C3Njc sc CNq3cjC<j30Y i@3c3 ,RNjaC$njCRNc R8 @3j
Rs. s@C,@ ,N 3L3a<3 0n3 jR j@3 3I3,jaC,I ,RNj,jc. j@3 cnaA
aRnN0CN<c N0 j@3 @3jCN< ,RN0CjCRNc. ,N CNn3N,3 j@3 qRIj<3
N0 ,N ,nc3 N NjCcwLL3jaC, 3{3,j sCj@ a3cU3,j jR j@3 3uj3aNI
L<N3jC, ~3I0Y i@Cc NjCcwLL3jaC, qRIj<3 ,N $3 LCcCNj3aUa3j30
c  ibb2Y i@3a38Ra3. s3 CNq3cjC<j30 j@3 CLU,j R8 N CNj3N030
RnjAR8AUIN3 @3j Rs $w CNn3N,3 Rq3a j@3 3I3,jaC,I ,RNj,jcY
r3 @q3 c33N j@j N NjCcwLL3jaC, qRIj<3 ,RNjaC$njCRN ,N $3
0030 jR j@3 cwLL3jaC, Uaj R8 j@3 TM2 RNIw $w ncCN< j@C,G3a
,RNj,j N330I3cY i@3 Ia<3a ,RNj,j a3 $3js33N Tj N0 N330I3c
ϺЎϮ /Y K3C3aY K j@3cCcY
#C3I383I0 mNCq3acCjw. ЙзϺЙ
ϺЋз KY b,@a3C3a 3j IY T@wcC,I
`3qC3s # οο VЙзϺЕW зϮϊϊϺз
ϺЋϺ iY FCGGs 3j IY T@wcC,I
`3qC3s H3jj3ac ϺϺз VЙзϺЕW
зЎЋЙзЋ
,a3j3c  c3,RN0 @3j cCNG 8Ra j@3 @3j UaR0n,30Y i@3 CNAUIN3
@3j Rs 8aRL RN3 cLUI3 cC03 jR j@3 Rj@3a <3N3aj3c j@3 TM2Y
i@3 RnjAR8AUIN3 @3j Rs 8aRL j@3 cLUI3 CNjR j@3 N330I3c Cc
j@3 RaC<CN R8 N NRLIRnc M3aNcj 3{3,j VM2WY i@Cc 3{3,j Cc IcR
 cUCNA03U3N03Nj U@3NRL3NRN N0. j@3a38Ra3. R8 ,RNcC03a$I3
CNj3a3cj 8Ra cUCN,IRaC,cY 7naj@3aLRa3. j@3 M2 Cc CLURajNj jR
nN03acjN0 CN j3aLc R8 bb2 3uU3aCL3Njc. cCN,3 Cj ,N R,,na c N
nNCNj3N030 3{3,jY r3 s3a3 $I3 jR C03NjC8w N0 0Cc3NjN<I3 N
M2 CN Rna L3cna3L3Njc s@3N CNj3NjCRNI VRa nNCNj3NjCRNIW
RnjAR8AUIN3 @3j Rsc s3a3 CNqRIq30Y
BN j@3 N3uj cj3U. s3 CNq3cjC<j30 j@3 bb2 CN j@3 L<N3jC, CNcnA
IjRa vB;Y BN j@Cc Lj3aCI ,Icc s3 3uU3,j30 jR $3 $I3 jR N3<I3,j
cUnaCRnc M3aNcj 3{3,jc 0n3 jR j@3 I,G R8 ,@a<3 ,aaC3acY ?RsA
3q3a. 0n3 jR j@3 cUCN 03j3,jRa Lj3aCI R8 Tj RN jRU R8 j@3 vB;.
 L<N3jC, UaRuCLCjw 3{3,j sc ccnL30Y  cUCNAURIaCy30 a3A
<CRN CN j@3 Tj j j@3 CNj3a8,3 R8 j@3 $CIw3a cwcj3L ,RnI0 I30
jR UaRuCLCjw CN0n,30 M3aNcj 3{3,jcY i@Cc Cccn3 sc CNq3cjC<j30
$w t`K`. N CNj3a8,3 c3NcCjCq3 L3j@R0 8Ra L3cnaCN< L<N3jC,
LRL3NjcY i@Cc L3j@R0 c@Rs30 NR L<N3jC, LRL3Nj CN j@3 Tj
sCj@CN j@3 ICLCj R8 c3NcCjCqCjwY  ,RNjaRq3acCI 0Cc,nccCRN sCj@
,RNjaaw tK+/ a3cnIjc a3URaj30 $w Rj@3a <aRnUc 0R3c NRj 3ICLA
CNj3 j@Cc Cccn3 ,RLUI3j3IwY ?Rs3q3a. Cj ,RnI0 IcR $3 c@RsN
NnL3aC,IIw N0 3uU3aCL3NjIIw $w <aRnUc ICG3 b,@a3C3a 3j IYϺЋз
N0 FCGGs 3j IYϺЋϺ j@j URccC$I3 UaRuCLCjw M3aNcj 3{3,jc a3
N3<IC<C$Iw cLII CN bb2 L3cna3L3NjcY i@3a38Ra3. j@3 3uU3,j30
3{3,jc CN Rna L3cna3L3Njc CN j@3 jaNcq3ac3 bb2 ,RN~<najCRN
s3a3 j@3 ibb2 Cjc3I8 N0 N Hbb2 0n3 jR cUnaCRnc RnjAR8AUIN3
@3j Rs ,RNjaC$njCRNcY
BN j@3 ibb2 ,RN~<najCRNs3s3a3 $I3 jR c@Rs j@j j@3a3 Cc NR
3qC03N,3 R8 Nw ibb2 ,RNjaC$njCRN sCj@CN j@3 c3NcCjCqCjw ICLCj R8
j@3 qRIj<3 L3cna3L3NjY ?Rs3q3a. s3 ,RnI0 <CN CNn3N,3 j@3
3I3,jaC,I ,RNj,jc jR 3qRG3 N NjCcwLL3jaC, qRIj<3 sCj@ a3cU3,j
jR j@3 3uj3aNI L<N3jC, ~3I0Y i@Cc NjCcwLL3jaC, 3{3,j ,RnI0
$3 jjaC$nj30 jR j@3 Hbb2Y  LCcCNj3aUa3jjCRN R8 j@3 R$c3aq30
Bb?2 qRIj<3 c  ibb2 Cc URccC$I3 s@3N  0Cc3NjN<I3L3Nj R8
$Rj@ 3{3,jc Cc NRj CLUI3L3Nj30 CN j@3 CNq3cjC<jCRNcY r3 @q3
c@RsN  03jCI30 UaR,30na3 R8 j@Cc 0Cc3NjN<I3L3NjY
7naj@3aLRa3. j@3 Hbb2 sc CNq3cjC<j30 CN LRa3 03jCI CN
vB;gTj $CIw3acY i@3 a3cnIjc s3a3 0Cc,ncc30 CN j@3 ,RNj3uj R8
j@3 ,naa3Nj ICj3ajna3Y BN ,RN,IncCRN. j@3 Hbb2 CN vB;gTj Cc 
s3II 3cj$ICc@30 3{3,j s@C,@ ,N $3 nc30 8Ra j@3 CNq3cjC<jCRN
R8 L<N3jCyjCRN 0Ca3,jCRNc. j@3aLIIw CN0n,30 cUCN ,naa3Njc
N0. CN 8njna3. 8Ra j@3 CNq3cjC<jCRN R8 L<N3jC, cn$IjjC,3c CN
Ϯο
LRa3 ,RLUI3u cwcj3Lc. cn,@ c NjC83aaRL<N3jc Ra ,RLU3Ncj30
83aaCL<N3jcY
BN j@3 Icj 3uU3aCL3NjI ,@Uj3a s3 c3j j@3 8R,nc RN M7QgTj
$CIw3acY i@3 M7Q ~ILc CNq3cjC<j30 CN j@Cc Uaj R8 Rna sRaG
@q3 c@RsN  c3LC,RN0n,jCN< ,@a,j3aY i@3 ,RN0n,jCqCjw s@C,@
sc 0RLCNj30 $w j@3aLIIw ,jCqj30 ,@a<3 ,aaC3ac ,RnI0 $3
a30n,30 0acjC,IIw $w L3cnaCN< j IRs j3LU3ajna3cY i@Cc <q3
nc j@3 RUURajnNCjw jR CNq3cjC<j3 j@3 Hbb2 N0 M2 CN LRa3
03jCIY i@3 M2 ,RnI0 $3 csCj,@30 RN N0 R{ $w qawCN< j@3
$c3 j3LU3ajna3Y Bj sc c@RsN j@j j@3 ,RN0n,jCqCjw R8 j@3
M7Q 03,a3c3c Ln,@ 8cj3a j@N j@3 Hbb2 s@3N j@3 j3LU3ajna3
0aRUcY i@3 ,RNjaC$njCRN R8 j@3 M2 CN Rna Hbb2 L3cna3L3Njc
j aRRL j3LU3ajna3 ,RnI0 $3 3cjCLj30 $w L3cna3L3Njc sCj@
N0sCj@Rnj Tj RN jRU R8 j@3 M7QY i@3 M2s@C,@scL3cna30
RN  Una3 M7Q ~IL Cc CN j@3 Ra03a R8 Ϻз R8 j@3 Bb?2 qRIj<3 CN
N M7QgTj $CIw3aY BN j@3 ibb2 ,RN~<najCRN. CNcj30. s3 ,RnI0
R$c3aq3 j@3 cL3 $3@qCRna ,RLUa30 jR vB;gTjY MR ibb2 ,RnI0
$3 8RnN0Y ?Rs3q3a. s3 ,RnI0 CNn3N,3 j@3 L3cna3L3Njc qC
j@3 3I3,jaC,I ,RNj,jc N0 R$jCN30 N Hbb2gM2 ,RL$CNjCRN
c sc 3uU3,j30 8j3a j@3 Ua3qCRnc CNq3cjC<jCRNc RN II Lj3aCI
cwcj3LcY
BN cnL. Rna sRaG @c c@RsN j@j j@3a3 Cc NR 3qC03N,3 8Ra
 ibb2 CN II CNq3cjC<j30 Lj3aCI ,Icc3cY BNcj30. s3 @q3
c@RsN j@j cUnaCRnc ,RNjaC$njCRNc R8 N RnjAR8AUIN3 j3LU3aA
jna3 <a0C3Nj ,N a3cnIj CN nNCNj3N030 cC03 3{3,jc s@C,@ a3
3cCIw LCcCNj3aUa3j30 c  ibb2Y Qna CNq3cjC<jCRNc @q3 c@RsN
j@j 3uU3aCL3Njc R8 j@Cc GCN0 c@RnI0 $3 U3a8RaL30 CN  LRa3
,a38nI sw. c a3URaj30 $38Ra3Y Qna ,RNjaC$njCRNc CN j@Cc ~3I0
UaRqC03  $3jj3a CNcC<@j CN j@3 RUURcCN< URCNj R8 qC3s jR j@3 q3aw
83sibb2 a3URajcY 7naj@3aLRa3. j@3 CNq3cjC<jCRN R8M3aNcj 3{3,jc
CN 83aaRL<N3jC, ,RN0n,jRac @q3 IcR ,RNjaC$nj30 jR  $3jj3a nNA
03acjN0CN< R8 j@3aLIIw 0aCq3N ,@a<3 ,naa3Njc $w 00CN< cRL3
a3cnIjc R8 Un$IC,jCRNc CN j@Cc $aN,@Y i@3 CNq3cjC<jCRNc R8 j@3
Hbb2 CNL<N3jC, CNcnIjRac N0 c3LC,RN0n,jRac @q3 I30 jR  $3jA
j3a nN03acjN0CN< R8 j@3 ,@a,j3aCcjC,c R8 j@3 3{3,j s@C,@ I30c
jR  a3IC$I3 0Cc3NjN<I3L3Nj R8 j@Cc 3{3,j N0 nNCNj3NjCRNI cC03
3{3,jcY
i@3 Hbb2 Cc  s3II 3cj$ICc@30 N0 URs3a8nI jRRI 8Ra j@3 CNq3cA
jC<jCRN R8 j@3aLIIw 0aCq3N cUCN ,naa3NjcY 7njna3 CNq3cjC<jCRNc
sCII 8R,nc RN L<N3jC, cn$IjjC,3c CN. 3Y<Y. NjC83aaRL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bnN. [YA+Y. ?Y bCLc. /Y KynL0a. DY tY K. #Y bY ?RICNcsRaj@.
FY `YQȕM3I. ;Y FCL.rY?Y #njI3a. Y;nUj. N0 DY HYKnc83I0jY
QUjC,I $N0 <U @C3aa,@w CN  L<N3jC, RuC03- 2I3,jaRNC, cjan,jna3
R8 MC73ଓQକY T@wcC,I `3qC3s # οЎ VЙзϺЙW ЙзχϺзЎY
i@RLUcRN. /Y Y. HY iY `RLNGCs. N0 Y Kw0cY i@CN ~IL
L<N3jRa3cCcjRac CN L3LRaw. cjRa<3. N0 a3Ij30 UUIC,jCRNcY K<A
N3jC,c. B222 iaNc,jCRNc RN ϺϺ VϺϮЋχW ϺзЕϮY
ic3aGRqNwG. vY. Y #ajc. N0 ;Y 2Y rY #n3aY 2N@N,30 <CI$3aj
0LUCN< CN j@CN 83aaRL<N3jC, ~ILcY T@wcC,I `3qC3s H3jj3ac οο
VЙззЙW ϺϺЋЎзϺY
m,@C0. FY. ?Y 0,@C. iY Qj. ?Y MGwL. bY K3Gs. N0 2Y
bCjR@Y Q$c3aqjCRN R8 IRN<Cjn0CNI cUCNAb33$3,G 3{3,j CN L<N3jC,
CNcnIjRacY UUIC30 T@wcC,c H3jj3ac ϮЋ VЙзϺзW ϺЋЙχзχY
m,@C0. FY. iY MRNG. iY FCGGs. vY FECsa. N0 2Y bCjR@Y
HRN<Cjn0CNI cUCN b33$3,G 3{3,j CN qaCRnc <aN3j 83aaCj3cY T@wcC,I
`3qC3s # οЋ VЙзϺЕW ϺзϊϊϺЙY
m,@C0. FY. iY MRNG. iY Qj. N0 2Y bCjR@Y HRN<Cjn0CNI cUCNA
b33$3,G 3{3,j CN cCNj3a30 URIw,awcjIICN3 VKN.xNW73ଓQକY UUIC30
T@wcC,c H3jj3ac ϮЋ VЙзϺзW ЙЎЙχзϊY
m,@C0. FY. iY Qj. ?Y 0,@C. DY tCR. iY MRNG. vY FECsa.
;Y 2Y rY #n3a. bY K3Gs. N0 2Y bCjR@Y i@3aLI cUCN UnLUA
CN< N0 L<NRNAU@RNRNAL30Cj30 cUCNAb33$3,G 3{3,jY DRnaNI R8
UUIC30 T@wcC,c ϺϺϺ VЙзϺЙW ϺзЕϮзЕY
m,@C0. FY. iY Qj. FY ?aCC. FY N0R. ?Y MGwL. N0 2Y bCjR@Y
2I3,jaC, 03j3,jCRN R8 j@3 cUCNAb33$3,G 3{3,j CN 83aaRL<N3jC, L3jIc
VCNqCj30WY DRnaNI R8 UUIC30 T@wcC,c ϺзЋ VЙзϺзW зϮϮχϺY
m,@C0. FY. bY iG@c@C. FY ?aCC. DY B30. rY FRc@C$3. FY N0R.
bY K3Gs. N0 2Y bCjR@Y Q$c3aqjCRN R8 j@3 cUCN b33$3,G 3{3,jY
Mjna3 ϊχχ VЙззοW ЋЋοY
ϺзϮ
m,@C0. FY. DY tCR. ?Y 0,@C. DY Q@3. bY iG@c@C. DY B30. iY
Qj. vY FECsa. ?Y mL3ys. ?Y FsC. ;Y 2Y rY #n3a. bY
K3Gs. N0 2Y bCjR@Y bUCN b33$3,G CNcnIjRaY Mjna3 Kj3aCA
Ic Ϯ VЙзϺзW οϮϊY
rI0aRN. `Y /Y BN8aa30 cU3,ja R8 83aaCj3cY T@wcC,I `3qC3s ϮϮ VϺϮχχW
ϺЋЙЋY
rIy. 7Y i@3 p3as3w jaNcCjCRN A  jRUC,I a3qC3sY DRnaNI R8 T@wcC,c-
+RN03Nc30 Kjj3a Ϻϊ VЙззЙW `ЙοχY
rN<. bY ?Y. HY FY xRn. DY rY +C. #Y ;Y b@3N. N0 DY `Y bnNY iaNcA
q3ac3 j@3aLR3I3,jaC, 3{3,jc CN UIjCNnL cjaCUc RN U3aLIIRw ~ILcY
T@wcC,I `3qC3s # οο VЙзϺЕW ЙϺϊЕзϊY
r3<aRs3. DY 2Y. ?Y DY /aRn@CN. N0 /Y H,RnaY NCcRjaRUC, L<N3A
jRj@3aLI jaNcURaj N0 cUCN b33$3,G 3{3,jY T@wcC,I `3qC3s # οϮ
VЙзϺϊW зϮϊϊзϮY
r3C. /Y. KY Q$cj$nL. KY `C$Rs. +Y ?Y #,G. N0 ;Y rRIj3acA
0Ra8Y bUCN ?II qRIj<3c 8aRL Y,Y N0 0Y,Y cUCN ,naa3NjcY Mjna3
+RLLnNC,jCRNc χ VЙзϺϊW ЕЋЎοY
r3CI3a. KY. KY Ij@LL3a. 7Y +y3c,@G. ?Y ?n3$I. KY r<N3a. KY
QU3I. BYAKY BLRaj. ;Y `3Ccc. Y i@RLc. `Y ;aRcc. N0 bY iY #Y
;R3NN3Ns3CNY HR,I +@a<3 N0 bUCN +naa3Njc CN K<N3jRj@3aA
LI HN0c,U3cY T@wcC,I `3qC3s H3jj3ac Ϻзο VЙзϺЙW ϺзЎЎзЙY
rCI@3IL. 7Y. TY TRnIRURnIRc. ;Y +3$IIRc. ?Y r3N03. FY #$3aA
c,@G3. TY baCqcjq. /Y #3N3. ?Y 2$3aj. KY N<3IG3aCc. MY FY
7I3qaCc. /Y MCa,@Rc. Y `R<I3q. N0 MY #Y #aRRG3cY Hw3aA
a3cRIq30 L<N3jC, LRL3Njc CN MCgTj LnIjCIw3acY T@wcC,I `3qC3s
H3jj3ac οχ VЙзззW ϊϺЕY
rnN03aIC,@. DY. #Y F3cjN3a. DY bCNRq. N0 iY DnN<sCaj@Y 2uU3aCA
L3NjI Q$c3aqjCRN R8 j@3 bUCNA?II 2{3,j CN  isRA/CL3NcCRNI
bUCNAQa$Cj +RnUI30 b3LC,RN0n,jRa bwcj3LY T@wcC,I `3qC3s H3jA
j3ac Ϯϊ VЙззχW зϊЋЙзϊY
tCR. DY. ;Y 2Y rY #n3a. FY m,@C0. 2Y bCjR@. N0 bY K3GsY
i@3Raw R8 L<NRNA0aCq3N cUCN b33$3,G 3{3,jY T@wcC,I `3qC3s #
οϺ VЙзϺзW ЙϺϊϊϺοY
v<3a.rY Y. DY FY ;Ij. 7Y `YK3aaCjj. N0 2Y YrRR0Y 73aaRL<N3jC,
`3cRNN,3 CN MC,G3I 73aaCj3Y T@wcC,I `3qC3s οз VϺϮχзW ЋϊϊY
x@N<.[Y. bY?CGCNR. N0 bY vnNRGCY 7CacjAUaCN,CUI3c cjn0w R8 j@3 cUCNA
LCuCN< ,RN0n,jN,3 CN TjgMCଙ଒73଒ଚ EnN,jCRNcY UUIC30 T@wcC,c




ϺY /Y K3C3a. iY Fnc,@3I. HY b@3N. Y ;nUj. iY FCGGs. FY
m,@C0. 2Y bCjR@. DYAKY b,@LI@Racj. ;Y `3Ccc- i@3aLIIw
0aCq3N cUCN N0 ,@a<3 ,naa3Njc CN j@CN MC73ଓQକgTj ~ILc. T@wcCA
,I `3qC3s # οο. зχϊϊЙϺ VЙзϺЕW
ЙY KY Ij@LL3a. bY K3w3a. ?Y MGwL. KY b,@a3C3a. bY IjA
LNNc@R83a. KY r3CI3a. ?Y ?n3$I. bY ;3Ua<c. KY QU3I. `Y
;aRcc. /Y K3C3a. +Y FI3s3. iY Fnc,@3I. DYAKY b,@LI@Racj.
;Y `3Ccc. HY b@3N. Y ;nUj. vY iY +@3N. ;Y 2Y rY #n3a. 2Y
bCjR@. bY iY #Y ;R3NN3Ns3CN- [nNjCjjCq3 cjn0w R8 j@3 cUCN
?II L<N3jRa3cCcjN,3 CN 83aaRL<N3jC, CNcnIjRagNRaLI L3jI
@w$aC0c. T@wcC,I `3qC3s # οЋ. ЙЙϊϊзϺ VЙзϺЕW
ЕY KY b,@LC0. bY baC,@N0N./YK3C3a. iY Fnc,@3I. DYAKY b,@LIA
@Racj. KY pR<3I. ;Y `3Ccc. +Y bjanNG. +Y ?Y #,G- iaNcq3ac3
bUCN b33$3,G 2{3,j q3acnc NRLIRnc N0 TINa M3aNcj 2{3,jc
CN T3aLIIRw i@CN 7CILc. T@wcC,I `3qC3s H3jj3ac ϺϺϺ. ϺοЋЙзϺ
VЙзϺЕW
ϊY /YK3C3a. /Y `3CN@a0j.KY b,@LC0. +Y?Y #,G. DYAKY b,@LIA
@Racj. iY Fnc,@3I. ;Y `3Ccc- BNn3N,3 R8 @3j Rs 0Ca3,jCRNc RN
M3aNcj 3{3,jc CN TwgTj $CIw3ac. T@wcC,I `3qC3s # οο. ϺοϊϊЙχ
VЙзϺЕW
χY HY KaNCjy. FY `Rjj. bY MC3@Ǒacj3a. +Y FI3s3. /Y K3C3a. bY
7$a3jjC. KYrCjyCRG. Y FaLU8. QY Fnc,@3I. iY b,@3LL3. FY
Fn3UU3a. DY rRIIc,@I¡<3a. Y i@RLc. ;Y `3Ccc. iY Fnc,@3I-
bC<N ,@N<3 CN j@3 jnNN3I L<N3jRa3cCcjN,3 R8 73ଔQକgK<Qg+RA
73A# L<N3jC, jnNN3I EnN,jCRNc 03U3N0CN< RN j@3 NN3ICN< j3LA
U3ajna3 N0 j@3 CNj3a8,3 ja3jL3Nj. BT 0qN,3c χ. зϊЋϺзЕ
VЙзϺχW
ЎY iY Fnc,@3I. +Y FI3s3. DYAKY b,@LI@Racj. 7Y #3ajaL. QY
Fnc,@3I. iY b,@3LL3. DYrRIIc,@I¡<3a. bY 7aN,RnI. DY bja3LU83a.
Y ;nUj. KY K3CN3aj. ;Y ;Ǒjy. /Y K3C3a. ;Y `3Ccc- bjjC,
K<N3jC, TaRuCLCjw 2{3,j CN TjgMC73ଓQକ N0 Tjg73 #CIw3ac
BNq3cjC<j30 $w tA`w `3cRNNj K<N3jC, `33,jCqCjw. T@wcC,I
`3qC3s H3jj3ac ϺϺχ. зϮЋϊзϺ VЙзϺχW
ЋY /Y K3C3a. /Y `3CN@a0j. KY qN bjaj3N. +Y FI3s3. KY IA
j@LL3a. bY iY #Y ;R3NN3Ns3CN. Y ;nUj. KY b,@LC0. +Y ?Y
#,G. DYAKY b,@LI@Racj. iY Fnc,@3I. ;Y `3Ccc- HRN<Cjn0CNI
cUCN b33$3,G 3{3,j ,RNjaC$njCRN CN jaNcq3ac3 cUCN b33$3,G 3{3,j





ϺY /YK3C3a. iY Fnc,@3I. ?YK3w3a yni@33N@nc3N. DYAKY b,@LIA
@Racj. ;Y `3Ccc- `3ICyjCRN R8 N 3uU3aCL3NjI c3jnU 8Ra j3LU3aA
jna3 03U3N03Nj L3cna3L3Njc R8 j@3 bUCN b33$3,G 2{3,j. /T;
cUaCN< L33jCN<. #3aICN VЙзϺЙW. TRcj3a K χЙYЎϺ
ЙY /YK3C3a. iY Fnc,@3I. ?YK3w3a yni@33N@nc3N. DYAKY b,@LIA
@Racj. ;Y `3Ccc- `3ICyjCRN R8 N 3uU3aCL3NjI c3jnU 8Ra j3LA
U3ajna3 03U3N03Nj L3cna3L3Njc R8 j@3 bUCN b33$3,G 2{3,j. Ϻcj
bUCN+i T@/rRaGc@RU. `3<3Nc$na< VЙзϺЙW. TRcj3a
ЕY /Y K3C3a. iY Fnc,@3I. iY FCGGs. FY m,@C0. 2Y bCjR@. DYAKY
b,@LI@Racj. ;Y `3Ccc- `3,3Nj a3cnIjc R8 U3aLIIRw j@CN ~ILc R$A
jCN30 CN  c3jnU 8Ra jaNcq3ac3 cUCN b33$3,G 3{3,j L3cna3L3Njc.
bUCN +IRaCjaRNC,c ϊ. b3N0C VЙзϺЙW. TRcj3a
ϊY /Y K3C3a. iY Fnc,@3I. HY b@3N. Y ;nUj. iY FCGGs. FY
m,@C0. 2Y bCjR@. DYAKY b,@LI@Racj. ;Y `3Ccc- BNq3cjC<A
jCRNc R8 j@3 IRN<Cjn0CNI cUCN b33$3,G 3{3,j CN MC73ଓQକgTj ~ILc.
BNj3aNjCRNI rRaGc@RU RN bUCN T@3NRL3N CN `30n,30
/CL3NcCRNc. `3<3Nc$na< VЙзϺЙW. TRcj3a
χY /Y K3C3a. iY Fnc,@3I. HY b@3N. Y ;nUj. iY FCGGs. FY
m,@C0. 2Y bCjR@. DYAKY b,@LI@Racj. ;Y `3Ccc- `3,3Nj a3cnIjc
R8 IRN<Cjn0CNI cUCN b33$3,G 3{3,j L3cna3L3Njc RN MC73ଓQକgTj
~ILc. ЙN0 bUCN+i T@/rRaGc@RU. ;ǑjjCN<3N VЙзϺЙW. iIG
ЙзϺЕ
ЎY /Y K3C3a. iY Fnc,@3I. HY b@3N. Y ;nUj. iY FCGGs. FY
m,@C0. 2Y bCjR@. DYAKY b,@LI@Racj. ;Y `3Ccc- HRN<Cjn0CNI
cUCN b33$3,G 3{3,j N0 NRLIRnc M3aNcj 3{3,j CN MC73ଓQକgTj
~ILc. χϺзY r2A?3a3ncAb3LCNa. MRNAK<N3jC, +RNjaRI R8
bUCN. #0 ?RNN38 VЙзϺЕW. TRcj3a
ЋY /Y K3C3a. iY Fnc,@3I. HY b@3N. Y ;nUj. iY FCGGs. FY
m,@C0. 2Y bCjR@. DYAKY b,@LI@Racj. ;Y `3Ccc- HRN<Cjn0CNI
cUCN b33$3,G 3{3,j N0 NRLIRnc M3aNcj 3{3,j CN MC73ଓQକgTj
~ILc. /T; cUaCN< L33jCN<. `3<3Nc$na< VЙзϺЕW. iIG K ϮYϊ
οY /Y K3C3a. /Y `3CN@a0j. KY b,@LC0. HY b@3N. Y ;nUj. iY
FCGGs. FY m,@C0. 2Y bCjR@. +Y ?Y #,G. DYAKY b,@LIA
@Racj. iY Fnc,@3I. ;Y `3Ccc- i@3 CNn3N,3 R8 j@3 NRLIRnc
ϺϺЕ
M3aNcj 3{3,j CN cUCN b33$3,G 3{3,j L3cna3L3Njc. Еa0 bUCN+i
T@/rRaGc@RU. /a3c03N VЙзϺЕW. iIG
ϮY /Y K3C3a. /Y `3CN@a0j. iY KjIIAr<N3a. +Y FI3s3. DYA
KY b,@LI@Racj. iY Fnc,@3I. ;Y `3Ccc- BNn3N,3 R8 @3j Rs
0Ca3,jCRNc RN M3aNcj 3{3,jc CN L<N3jC, j@CN ~ILc. rRaGc@RU-
bUCN ,IRaCjaRNC,c CN CNcnIjRac. KCNy VЙзϺЕW. TRcj3a
ЙзϺϊ
ϺзY /YK3C3a. /Y `3CN@a0j. KY b,@LC0. +Y?Y #,G. DYAKY b,@LIA
@Racj. iY Fnc,@3I. ;Y `3Ccc- BNn3N,3 R8 @3j Rs 0Ca3,jCRNc RN
M3aNcj 3{3,jc CN TwgTj $CIw3ac. /T; cUaCN<L33jCN<. /a3c03N
VЙзϺϊW. iIG K ЕЎYϺз
ϺϺY /YK3C3a. /Y `3CN@a0j. KY b,@LC0. +Y?Y #,G. DYAKY b,@LIA
@Racj. iY Fnc,@3I. ;Y `3Ccc- BNn3N,3 R8 @3j Rs 0Ca3,jCRNc RN
M3aNcj 3{3,jc CN TwgTj $CIw3ac. B222 BNj3aNjCRNI K<N3jC,c
+RN83a3N,3. BMi2`K;. /a3c03N VЙзϺϊW. TRcj3a bAϺϺ
ϺЙY /YK3C3a. /Y `3CN@a0j.KY qN bjaj3N. +Y FI3s3.KY b,@LC0.
+Y ?Y #,G. KY Ij@LL3a. bY iY #Y ;R3NN3Ns3CN. Y ;nUj.
DYAKY b,@LI@Racj. iY Fnc,@3I. ;Y `3Ccc- Hbb2 N0 M3aNcj
3{3,jc CN ibb2 L3cna3L3Njc RN vB;gTj. M7QgTj N0 TwgTj
$CIw3ac. bUCN +IRaCjaRNC,c Ў. #0 Bac33 VЙзϺϊW. TRcj3a
ϺЕY /Y K3C3a. /Y `3CN@a0j. KY qN bjaj3N. +Y FI3s3. KY IA
j@LL3a. bY iY #Y ;R3NN3Ns3CN. Y ;nUj. KY b,@LC0. +Y ?Y
#,G. DYAKY b,@LI@Racj. iY Fnc,@3I. ;Y `3Ccc- +RNjaC$njCN<
IRN<Cjn0CNI cUCN b33$3,G 3{3,j CN jaNcq3ac3 cUCN b33$3,G 3{3,j
3uU3aCL3Njc CN vB;gTj N0 M7QgTj. χϮj@ NNnI K<N3jCcL
 K<N3jC, Kj3aCIc +RN83a3N,3. ?RNRInIn VЙзϺϊW. iIG
?#AϺз
ЙзϺχ
ϺϊY /Y K3C3a. /Y `3CN@a0j. KY qN bjaj3N. +Y FI3s3. DYAKY
b,@LI@Racj. iY Fnc,@3I. ;Y `3Ccc.KYIj@LL3a.KY b,@a3C3a.
bYiY#Y ;R3NN3Ns3CN. KY b,@LC0Y +Y?Y #,G. Y ;nUj- HRNA
<Cjn0CNI cUCN b33$3,G 3{3,j ,RNjaC$njCRN CN jaNcq3ac3 cUCN b33A
$3,G 3{3,j 3uU3aCL3Njc CN vB;gTj N0 M7QgTj. /T; cUaCN<
L33jCN<. #3aICN VЙзϺχW. iIG K ЙϮYЎ
ϺϺϊ
/NGc<nN<
B,@ LǑ,@j3 @C3a II3N K3Nc,@3N 0NG3N. 0C3 LC,@ $3C 03a 2acj3IA
InN< 0C3c3a a$3Cj nNj3acjɫjyj @$3NY II3N qRaN LǑ,@j3 C,@
LC,@ $3C L3CN3L/RGjRaqj3a TЁϱυY /ЁY ;ПϩАζЁ `ζϔЅЅ nN0 $3C /ЁY
DΞϩ bΫϑϨΞϣϑϱЁЅА $30NG3N. 8ɫa 0C3 c3@a cUNN3N03 n8<$3NA
cj3IInN<. 0C3 @3aqRaa<3N03 #3ja3nnN< nN0 0C3 n8c,@InŇa3C,@3N
sCcc3Nc,@8jIC,@3N /CcGnccCRN3NY
B,@ 0NG3 /ЁY iϔϨϱ FЛЅΫϑζϣ 8ɫa c3CN3 3uy3II3Nj3 #3ja3nnN<.
8ɫa c3@a <nj3c i3LsRaG nN0 8ɫa c3CN3 @CI8a3C,@3 mNj3acjɫjynN<
s¡@a3N0 03a <3cLj3N x3CjY 7ɫa 0c c3@a <nj3 i3LsRaG 0NG3
C,@ 3$3N8IIc +ϑЁϔЅАϱϿϑFϣζЧζ nN0ϣζЬΞϩβζЁ #ϵϑϩϡζ.LCj 03N3N
yncLL3N C,@ 0c i@3L bUCNGIRaCG Ic /RGjRaN03N <3j3CIj
@$3Y
7ɫa 0C3 #3ja3nnN< nN0 BNcjN0@IjnN< N@3yn II3a H$RaA
<3a¡j3 nN0 03N 0LCj q3a$nN03N3N ?CI83cj3IInN<3N 0NG3 C,@ /ЁY
FΞЁЅАζϩ `ϱААY 7ɫa E3<IC,@3 a$3Cj LCj 03a p3asIjnN<. #3cj3IInNA
<3N nN0 7RaLIC3N 0NG3 C,@ όόϔ rϔϩβϨΞϩϩY 7ɫa II3 L3CN3
7a<3N $3yɫ<IC,@ 03c HwRnjc 0C3c3a a$3Cj 0NG3 C,@ /ЁY ϩβЭ
iϑϱϨΞЅY
B,@ $30NG3 LC,@ $3C II 03N jRII3N FRII3<3N. 0C3 LCa CN 03N
I3jyj3N D@a3N 0na,@ `j nN0 ij nN0 03a 3CN3N R03a N03a3N
N3jj3N mNj3a@IjnN< 3CN cnU3a a$3CjcGICL CN 03a a$3Cjc<anUU3
<3$Rj3N @$3NY BL cU3yC3II3N 0NG3 C,@ /ЁY /Ξϩϔζϣ 2Ϊϡζ. /ЁY
bΞЦϔϱ 7ΞΪЁζААϔ. /ЁY QϣϔЦζЁ bΫϑζΪΞЛϨ. +ϑЁϔЅАϔΞϩ bАζЁЧζЁυ. /Ξϩϔζϣ
`ζϔϩϑΞЁβА nN0iЁϔЅАΞϩKΞАΞϣϣΞArΞόϩζЁY ;Ny $3cRN03ac 0NG3
C,@ L3CN3N #ɫaRGRII3<3N KΞϩЛζϣ ;ϣΞЅ. ϣζЅЅϔΞ MϔζЅζϩ. bАζυΞϩ
MϔζϑϵЁЅАζЁ nN0 KϔΫϑΞζϣ ЦΞϩ bАЁΞΞАζϩ 8ɫa C@a3 ?CI83. II 0C3
sCcc3Nc,@8jIC,@3N nN0 n,@ NC,@jsCcc3Nc,@8jIC,@3N ;3cUa¡,@3
nN0 03a jRII3N jLRcU@¡a3Y
B,@ $30NG3LC,@ $3C TЁϱυY /ЁY 2ϔϟϔ bΞϔАϱϑ 8ɫa 0C3KǑ<IC,@G3Cj
3CN3c Gnay3N 7Rac,@nN<cn83Nj@Ij3c N 03a iR@RGn mNCq3acCj¡j.
b3N0C. DUNY /na,@ L3CN3N n83Nj@Ij CN c3CN3a a$3Cjc<anUU3
3a@C3Ij C,@ CNj3a3ccNj3 2CN$IC,G3 CN 0C3 K3ccnN<3N 03c bUCN b33A
$3,G 2{3Gj3c nN0 0C3KǑ<IC,@G3Cj 3CN3a 3acj3NsCcc3Nc,@8jIC,@3N
FRII$RajCRNY /ЁY FζϩAϔΫϑϔ mΫϑϔβΞ nN0 iΞϡΞЅϑϔ FϔϡϡΞЧΞ 0NG3
C,@ 8ɫa C@a3 mNj3acjɫjynN< nN0 #3ja3nnN< $3C nNc3a3N K3ccnNA
<3N N 03a iR@RGn mNCq3acCj¡jY
7ɫa 3CN3 @3aqRaa<3N03 xncLL3Na$3Cj CL `@L3N 03c
/7; b,@s3aUnNGjcUaR<aLLc bTT ϺχЕο bϿϔϩ +ΞϣϱЁϔΫ iЁΞϩЅϿϱЁА
$30NG3 C,@ LC,@ $3C TЁϱυY /ЁY +ϑЁϔЅАϔΞϩ ?Y #ΞΫϡ nN0 $3C /ЁY
KΞЬϔϨϔϣϔΞϩ bΫϑϨϔβ qRN 03a mNCq3acCj¡j `3<3Nc$na< nN0 $3C /ЁY
bζΪΞЅАϔΞϩ iY #Y ;ϱζϩϩζϩЧζϔϩ. /ЁY KΞААϑϔΞЅ ϣАϑΞϨϨζЁ nN0
KϔΫϑΞζϣ bΫϑЁζϔζЁ qRL rIj@3a K3CccN3a BNcjCjnj CN ;a,@CN<.
cRsR@I 8ɫa 0C3 c3@a @CI8a3C,@3N /CcGnccCRN3N. Ic n,@ 8ɫa 03N
TaR$3Nncjnc,@Y
nŇ3a03L $30NG3N LǑ,@j3 C,@ LC,@ $3C TЁϱυY /ЁY ЁЛϩΞЦΞ
;ЛϿАΞ nN0 /ЁY HϔϨϔϩό bϑζϩ qRLKBMi +3Nj3a 03a mNCq3acCj¡j
qRNI$L. mb. 8ɫa 0C3 <nj3 xncLL3Na$3Cj nN003a TaR$3NA
@3acj3IInN<Y
/3a /3njc,@3N 7Rac,@nN<c<3L3CNc,@8j 0NG3 C,@ 8ɫa 0c
R$3N <3NNNj3 bTT ϺχЕο nN0 0C3 0LCj q3a$nN03N3 ~NNyC3II3
mNj3acjɫjynN<. s3I,@3c 3CN nŇ3a<3sǑ@NIC,@ <nj3c mL83I0 8ɫa
II3 0aCN $3~N0IC,@3N /RGjRaN03N n8sC3c nN0 0LCj 3CN3 <nj3
;anN0I<3 8ɫa sCcc3Nc,@8jIC,@3N ncjnc,@ $RjY
K3CN <aǑŇj3a /NG <CIj L3CN3a 7LCIC3 nN0 L3CN3L UaCqj3N
mL83I0Y K3CN3N 2Ij3aN 0NG3 C,@ 8ɫa II C@a3 mNj3acjɫjynN< nN0
x3CjY #3cRN03ac 0NG3 C,@ ϩβЁζΞ. 8ɫa C@a3 IC3$3qRII3 mNj3aA
cjɫjynN< nN0 II C@a p3acj¡N0NCc. 0C3 cC3 LCa $3CL N83ajC<3N
0C3c3a a$3Cj 3Nj<3<3N $a,@j3Y
ϺϺЎ


